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1 
lOTRODDCTION 
Since the tum of the centxuy, investigators in many fields of biology 
have been concerned -with the empirical determination of relationships 
between body diinensions of many plants and animals. In fisheries research 
most of the emphasis has been placed on the detennination of mathematical 
equations to express the relationships between body dimensions and ireights 
of many fresh as -well as salt tiater species of fish. To date no compre­
hensive stiody of the relationships between body measurements of fresh -water 
fish has been atten^rbed. Fmrthemore, reliable information concerning the 
relationships between body dimensions of fish frcan Tiell managed faim fish 
ponds is not available. 
Since the development of pond management techniques using bluegill 
bream (lepomis macrochirua Eafinesque) and largemouth bass (Micropterus 
galmoides Lacepede) as the basic congjonenbs of the fish population, numerous 
questions concerning the sizes of fish that are available as food for the 
largemouth bass and other species of pond fish have arisen. For example, 
in the determination of the number of pounds of small bluegiUs that are 
available as food for the bass it is important to know the maximum size 
of blue gill that a bass of a given length can swallow. The necessity for 
such information was emphasized by Swinge (1950, p. 28): "Since the 'C» 
species can eat only sizes that they are able to gulp and swallow, the 
maximm dejjth ... of 'F' species would appear to be the only dimension 
of iii5)ortance to the fishes in a population". 
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In Idiis investigation the relationships of total length to maxisnm 
depth of body of certain species of forage fish adapted to farm pond culture 
are presented. Similar information on the two most commonly used bait 
minnows is also given. Jjxfoiraation on the relationships of mouth luidth 
(cleithrum -width) to total length of largemouth baas is also presented. 
The relationships between moTith •vrf.dths of bass and maximum depths of body 
of forage fishes ire re then combined, and the estimated sizes of f oi*age 
fishes various sizes of largemouth bass can swallow are tabulated. 
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BEVIES' OF LTTERATUEE 
Concepts Pertaining to Relationships of 
Body Dimensions of Fish 
To adequately deTelop the fundamentals of relationships of body 
dimensions of animals, it -will be necessary to define body fom and to 
briefly review the mathematical equations used to describe these relation­
ships. The present day conception of form, as given by Thon^jscaa (19li2), 
is stated in terms of both magnitude and direction. Thus, in speaking of 
f om, cHie is considering the extension of a body in several directions of 
space. Thompson also stated that Archimedes tau^t that in similar figures 
the surface increases as the square of the dimensions. Taking L as a 
linear dimension one may express the general equation of Archimedes as 
follows: 
S increases approximately as 1? 
irtiere S is surface area. The application of this geanetric relation of 
Archimedes to biological data iras apparently first recognized by Speiwer 
(1866, p. 112) i "... in similarly-shaped bodies, ... the strengthe 
vary as the square of the dimensions." 
The first modem approach to the expression of the relationship -which 
exists between body dimensions, that is the relationships between length 
and depth, length and breadth, and depth and breadth of similar animals, 
was advanced by Spencer (1873* p» 19U): 
k 
• , . equality of things and equality of relations. While 
organic, and more especially amjrtal foms, occasionally exhibit 
this perfection of likeness out of which the notion of simple 
equality arises, they more frequently exhibit only that kiiid 
of likeness nhich •we call similarity; and -which is really cob>-
poiind equality. For the similarity of two creatures of the 
same species but of different size, is of the same nature as 
the similarity of two gecmetrical figures. In any ease, any 
two parts of the one bears the same ratio to one another, as 
the hcmologus parts of the other. ... if we express this 
relation between two parts in the one, and the corresponding 
parts in the other, by the fonmila A is to B as a is to bj if 
we otherwise write this, A to B.atob; if, consequently, the 
fact we prove is that the relation of A to B equals the relation 
of a to b; then it is manifest that the fundamental conception 
of similarity is equality of relations. 
This conception of similarity of Spencer's might be written as the 
folloj*ing equations 
A • a 
F" 
It might be well to pause at this point and consider the implications 
of Spencer's conceptions of similarity. These may be summarized in three 
parts: First, he recognized that there was undoubtedly some unique foim 
for each part of the body of a given species as well as a unique fona for 
the species itself j Seccnd, he believed that this form was maintained in 
practically the same piroportions throxighout the life of the individual of 
that species; Third, he advocated the establishment of mathematical 
e3q)ressions to specify this fom and the relationships which exist between 
different size groups within the same species, 
Thompson (l9U2) stated that sometime around 1900 another equation, 
known as the "ccnpound interest law" or constant differential growth 
ratio, was proposed to more accurately describe the relationships between 
body distensions of plants and animals. The equation en^sloyed for this 
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relationship Tras as follows: 
T s 
or 
log Y 3 log h • k log X . 
Haxley (1932) and others believed that this "law" tias of general 
application to cases of differential growth rates. Their contentions -srere 
based upon evidence gathered frcm measurements of different body appendages 
of crustaceans and higher animals as "well as data secured frcm plants. 
Thompson (I9I4.2) stated that he did not find this to be true except under 
exceptional circttmstances and in transient phases. Thompson found many 
animals following a "simple interest" rather than a "conqpound interest" 
law. His contentions were based primarily upon evidence secured from 
studies of adult foms of insects and crustaceans. He further stated that 
the "compound interest" rate of growth occurs under special conditions and 
for brief periods, but it is the exception rather than the rule, -whether 
for a population or in a single organism. In the case of differential 
growth, -the "cctroound interest" law applies, thus this law describes a 
natural mode of growth but its range is lianited. 
Crozier and Hecht (19lU) found that in the -weakfish, Cynocion regalis, 
length, TTidth, and depth -were closely related to one another and could be 
expressed by simple mathematical equations. 
In addition "tangents" for relations between total length and standard 
length, head length, body length, tail length, width, and depth •were 
determined. These "tangents" -were calculated by using units shown on plots 
of the data. The tangent of a line was then estimated by dividing the 
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vertical distance between two points on this line by the horizontal distance. 
Using the tenninology of analytical geometry, this woTild be stated as 
follows: 
^2 " ^1 s "tangent" s slope of line. 
X2 - Xi 
later Hecht (1916) gave his findings concerning the relationships of 
total length to body length, tail length, head length, depth, and TJidth for 
six more species of salt irater fish. The relationships between total length 
and other body dimensions isrere expressed by the equation: 
T = b * cL 
where T equals such body dimensions as depth, -nidth, etc.j c is a constant; 
L is total length; and b is the origin on the 1 axis of coordinates. Since 
the calculated b's approached (0,0) in all cases the folloning abbreviated 
equation was proposed: 
Y s cL 
He fuarbher stated that the relation of maximum width of body to total 
length is rather constant (•»• 15 percent), whereas the relation of depth is 
highly variable (• 55 percent) for teleost fishes. 
Hecht sxnnaarized the findings conceming the relationships between body 
dimensions of fish up to 1916. The major points, which have not already 
been discussed, are as foUovirs: 
1. The rates of growth of the different selected parts of fish are 
identical. 
2. Comparisons with other data indicate that, in aniaals having an 
indeterminate growth, the external foim is established early in 
the post-embryonic life of the individual and is adherred to. 
Tvithin rather narrow limits, for the rest of its life. In aniiaals 
•Bith deteminate growth, the external form changes continually 
during the period of growth, arid as soon as the foim becomes 
constant, grosrbh ceases. 
3« Depth varies from species to species, and seems to be largely 
responsible for the special fonn of a species, 
Hile (1936) determined the length-depth and lengfch-iridth relation­
ships of 95 preserved specimens of cisco (leucichtys artedi). Fran these 
data Hile concluded that both males and females grew more rapidly in 
depth and iridth than in length. 
One of the most thorough studies of the relationships between body 
dimensions uas that of Shapiro (19143) on several species of scrombroid 
fish. In his introduction it "was pointed out that organisms generally 
show a positive acceleration of growth during early developmenfc, after 
T^hich the velocity shews a negative acceleratiOTi, Simple growth only 
deals Td-th increase in general size, while relative growth deals with 
gro-vTth and size in many dimensions in relation to that of another dimension. 
These relations deteimine the form of the organism. 
In these scrcmbroid fishes that Shapiro studied, the length-depth 
relationship was eaqsressed by the linear equation given below: 
T = a * bL 
The values of b ranged from 0.75 for ?ormer setapiimis to 1.25 for 
Trachinot\xs falcatTis. In V, setaninnis the body became more slender -with 
increase in length while in T, falcatus it grew more robust with increase 
in length. 
In all species of fish studied by Shapiiro the width increased at a 
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proportionally greater rate thsin the length. He concluded that in these 
species of scrcinbrifoim fishes chajiges occijirred more rapidly along trans­
verse than along vertical axes, and species Trtiich are deeper and Trider 
iritially beccme relatively more slender and thinner with age and vice 
versa. In the species he studied, the body foim uras more diverse in the 
yoxmg stages and TThat might be called Interspecific regulation in growth 
tended the adalts toward a more uniform and conventional fish foim. 
Studies of relationships of body parts conducted Tfithin the last l5 
years have utilized more modem statistical methods in the analyses of 
the data. Some of the objectives of these recent investigations -were as 
follows: 1, to obtain larger and unbiased sanqjles of fish from the popu­
lation under investigation; 2, to obtain more accurate individual measure­
ments of the features being considered; 3> "to determine the regression 
equations ~hich best "fit""' the relationships of the variables being studied} 
U, to apply the most appropriate statistical "tests" to the data to esti­
mate "-within" and "between" population variation. 
One of the first applications of modem statistical tests to freshwater 
fisheries data -was that by liottley (19i4l) in his investigation of the use 
of scales of rainbow trout (Salmo gaiix3nerii) to make direct ccanparisons 
of grosTth. His application of analysis cs£ covariance techniques to 
interpret the results uas not only an advancement but also a stimulus to 
others in the field of fisheries research. 
The next outstanding application of modem statistical techniques to 
the study of relationships of body parts of fishes "was by Martin (19U9) • 
In this stTidy of relative growth of body parts of some 20 species of fish 
it "was demonstrated by plotting that the following power regression or 
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allcnetry equation 
T s cX^ 
or 
log T = log c * }s. log X 
did Eot fit over the entire range of length for a species. It -sxas shomi 
that there wei-e changes in the slopes of the relative growth lines which 
•were termed growth inflections. Such growth inflections occurred at very 
early stages of development, at about 30 millimeters of length, and at 
sexual maturity. Martin chose to use straight lines -with sharp breaks at 
inflection points rather than use curves at these breaking points. These 
straight line segnents of the growth curve -vrere termed stanzas, and each 
stanza had a different relative growth constant. 
In controlled growth experiments with rainbow trout, Martin used 
analysis of covariance to determine differences in body form as effected 
by environmental control. Thus he "was able to show conclusively that 
changes in body form were produced by different temperatures. It -was also 
shown that size at growth inflection was more important than slope in the 
detemination of body fom. The use of straight lines to represent 
stanzas of growth pennitted the use of conventional analysis of covariance 
techniques. 
It has been demonstrated by a number of other workers that relative 
grovrfch relationships of various body parts of fish over a large length 
range may give nearly but not quite linear plots even on logarithmic 
coordinates. This was emphasized by Godsil (191^ 8) in his study of relation­
ships of body paiiia of the yellowfin tuna (Ifeothunms macropterus) and alba-
core (Thumms geimo) frcia various localities in the Pacific. He tried the 
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conventional linear, quadratic, cubic, power and exponential regression 
equations to fit his various total length-body part relationships. He 
concluded that none of these equations gave sufficiently accurate fits 
of the data and used the follawing equation for his analyses: 
1 s a * bX c/l 
It should be pointed out that the variates fitted to this line by Godsil 
Tfiere measurements from fish uhich varied from U97 to 1^26 nillimeters in 
total length. The differences in regression lines for fish from various 
localities in the eastern Pacific were then tested by directly comparing 
the sum of squared deviations frcsa the individual sample regression lines 
•srith the sm of squared deviations of all variates in all samples from the 
"total" regression line. The F values irei^ determined frm ratios of the 
between regression mean squares to the deviations from individual regres­
sions mean squares. It iraT found that in samples taken from the same area 
and containing fish of the same size there Trere significant differences 
between samples for the total length-body parts relations under consider­
ation. 
The statistical heterogeneity iriiich Godsil obtained iras attributed 
to incmplete mHTring of the fishes from various spasming areas. As pointed 
out by Schaefer (1952) the lack of statistical hcmogeneity -was probably 
due to the great differences in size composition of the several sannsles 
and to the approximate natxire of the regression equation employed. 
Siiace the analysis of variance tests gave significant differences 
between local populations, the differences between local and foreign 
populations were determined by coiiqjarison of the foreign regression line 
TTith the local total regression line. He stated that these comparisons of 
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deviations from regression in general aaplify the analysis of variance 
tests. T!?hile local sample regression lines varied soce from the local 
"total" regression line, foreign sariple regression lines varied to an extent 
aiany tiaaes that of the local variates. 
In other studies of the relationships of bo(^ parts of yellowfin tunas 
carried on by Schaefer (19U8), Schaefer and Y/alford (1950) and Schaefer 
(1952) linear regression ifas used ifherever possible. Schaefer states that 
the relation between body depth and total length seems to have been Tsrell 
described by linear regression, over the entire size range frcsa U5l to 1785 
sdlliiasters of total length. Quite often where relationships betrieen length 
and various body parts gave strongly curvilinear regressions, transfomations 
by the allaaeteric equation or by other equations "were used to give linear 
or nearly linear relations. 
After detenninlng the type of regression to be used for a particular 
relation between total length and a body part, analysis of covariance "was 
used to test the difference between different groups of tuna. However, 
Schaefer (1952) concluded that ccanparisons of body proportion data on 
tunas from many different regions by regression analyses -were beset TTith 
mai^ difficulties, but these difficulties seemed not to be critical in this 
instance nhere the differences dealt isith -were of sufficient magnitude so 
that sensitive methods trere not required. This problem -n-ould becaae acute 
"srhere the differences to be measured "were small. 
The types of regression equations used by students of relative growth 
to describe body foro -srcre sunmarized by IJarr (1955). ^e three forms of 
regression to lirtiich the relationships of body parts to body length most 
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commonly confom are the following: 
1. Rectilinear regression expressed as 
Y = a • bX 
This regression will al-ways form a straight line on arithmetic 
coordir^ates, 
2. Power regression or allccietry equation expressed as 
J -
This regression forms a straight l±ne on logarithmic coordinates. 
Transformation to logarithms yields 
log ^  = log c * k log X 
3. Exponential regression expressed as 
Y kX Y r pe 
This regression foms a straight line on semi log coordinates. 
Transformation to logarithms yields 
log Y - log p k(log e)X 
Such straight line regression as may be obtained by these three forms 
lends itself to conventional methods of characterizing the lines, canputing 
their variance, and conparing them. Mairftother states that leng^th is 
ccanmonly tised as a measure of size, but this represents only one dimension 
and may, therefore, not be the best measure of size. Also various life 
history stages may invol-ve different growth stanzas and -prill thus ccaapli-
cate interpretation of the results of statistical tests. 
Development of Statistical Concepts Pertinent 
to Study of Relationships of Body Dimensions 
Since this study is concerned ccily -ssith the application of accepted 
statistical methods to obtain inf oimation from body measurement data, the 
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review of statistical concepts 1^.11 be brief and linrLted. In this section 
•will be pointed out the sequence of developments of various statistical 
ccncepts, thereby establishing; •v^at statistical "tools were available for 
biologists to tise during the period covered by the previous discussion. 
Apparently astroncxaers in the early 1800's irere the first to einploy 
points on a chart -fco represent the results of their observations on the 
position of stars. Althou^ the ancient Greek mathematicians apparently 
developed -ttie equation of a straight line of the form given below: 
Y = a + bX 
to better xmderstand their geometric draarings, it "was the astronomer, 
Herschel, in 1830 nho first applied it to observational data (Thon^son, 
I9U2). Herschel sta-hed that the results obtained from this straight line 
in relation to a group of points, •which nere observations on s-fcars, -were 
more trustworthy than the obsesrvations themselves. 
Within the 20 years following this first application of a straight line 
to a group of points to ob-fcain estimates, •two more -very important mathe­
matical contributions to the study of variation •were de^roloped, lii I8U6 
the Belgian mathematician and astronomer, Quentlet, de-roloped his famous 
"curve of errors" to study the distribution of variations fran the mean of 
the sample data. 
In that same year another Belgian, Bravais, presented a method of 
coji?)uting the joint variation of •&»© or more verifies. The equation of 
this covariation of Bravais was of the foim: 
' = §Ls-L 
According to Pearson (I896) the fundamental theorem of correlation "was 
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first and almost exhaustively disciissed by Bravais. 
Galton, according to Pearson (I896), introduced an iroproved notation 
for correlation of two variables -which Eiajr be called "Galton's function" 
or "coefficient of correlation". The results were practically the satne 
as those given by Brsvais. Hojrever it "was Galton -nho is credited urith 
applying "the la*r of errors in the position of a point in space" to the 
problem of correlation in the theory of evolution. 
Tule (1897) in his review of the significance of Bravais equation 
for regression stated that the tern "regression" tjas introduced by Galton 
•vahile studying the correlation of sons' irith their fathers' height. 
Davenport (19CXD) in his review of statistical developnents credits 
Galton TJith the developcient of the quantitative theory of individual 
variation. In 1885 Galton introduced a graphic Eethod of deteraining prob­
able error frcm his normal curve. Then in 1888 he presented another graphic 
Eethod for determining the measure of correlation between two or,Tans, It 
is believBd that his application of these statistical techniques to 
biological data -was largely responsible for the -widely stimulated interest 
in mathematical studies of -variation about 1900. 
Fran the 1890»s through the early 1930'a no-table statisticians such as 
Karl Pearson, R, A, Fisher, F. Tates and others -were de-Teloping "modem'* 
statistical theory and methods. Incidentally these men -were also acti-roly 
engaged in various fields of biological research. Two major contribtrtions 
of this period -were: first, the de-velopment of methods of obtaining 
unbiased s-batistics or estimators for population parame-bers frcm small 
samples; and second, the -various probability -tables and -techniques for 
""bests of sigiuficaxLce" and siethods of estimating "confidence internals". 
Eesearch iroricers in practically every field are indebted to R, A. Fisher 
for his efforts to present exact methods of statistical analysis in his 
eleven editions of "Statistical Lfethods for Eesearch T/orkers". The first 
edition was piiblished in 19 2$, and since that time the succeeding editions 
have been revised to incltide the new techniques that have been developed. 
It is noteworthy to inention at this point that research -workers are 
indebted to other statisticians, such as Professor G. ¥, SnedecoTj for 
further digesting and applying the works of Fisher and others to biological 
data. 
Froa the preceding discussion it is evident that biologists in the 
late 1800's were responsible for providing the stimulus for mathenaticians 
to develop statistical theories to better account for the variations in 
small sainples of individuals dratm froa the same large population. It may 
be said that these earl:/ biologists used the most appropriate mathsnatical 
and statistical techniques at their disposal to analyze their data. How­
ever, in more recent times many biologists have failed to use modem 
techniques of analysis and as a result have not obtained the maxinium 
amount of information frcm their data. 
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^.THOD OF FROCEDDRE 
The information used in this investigation "was obtained by several 
means over a period of approriniately five years. The data for the investi­
gation of the relationships of body nezisurements of varioiis species of fish 
•were obtained by measuring specimens recovered either by draining or 
poisoning ponds or lakes. All measurenieiits urere made inmediately after 
collecting the fish and in the majority of cases the fish irere still alive. 
The data for the determination of sizes of forage fish a bass can swalloir 
•were obtained by laboratory experiments iTith living specimens. Data for 
the demonstration of field application of the size relationship of large-
mouth bass to forage fish "were obtained by draining a pond and counting, 
measuirLngj and weighing the different species present. These different 
study techniques T?ill be presented separately. 
Body l&asurements of Fish 
Six species of fish TJere included in the study of relationships of 
body measurements. Of this group only the largemouth bass, liicropterus 
sa-lmoides lacepede, is piscivorous. The other five species are largely 
insectivorous: 
ELuegill, Lepcanis macrochiras Eafinesque 
Eedear sunfish, Lepcagis laicrolophus Gunther 
&reen sunfish, Leponis cyanellus Eafinesque 
Golden shiner, Notemi^oiKis crysoleucas (latchill) 
Goldfish, Carassitts auratua (linnaeus) 
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Cata concerning the areas of the ponds or lakes from "which the 
specimens "were collected, the dates Trhen the ponds or lakes "were stocked 
and drained or poisoned, plus the nuihber and size range of the speciaens 
in a sample frcm a body of iTater are given in the Eesults and Discussion 
section. All ponds except Lay lake, Joisian lake, Martin lake. King's 
Pond, Long Creek Pond, and Delos Pond -were loc ated on the Farm Ponds 
Project, Alabama Polytechnic Institute Agricultural Experiment Station, 
Auburn, 
Total length and mayiTinim depth "srere measured on each fish and the 
mouth Td-dth Ttas also measured on all largemouth bass, Ifeasuresenfcs trere 
made and i^corded to the nearest will meter. 
Total length "was obtained by the following procedure. The fish -were 
consistently placed on the measuring board on their ri^t side. "Hie lower 
jaw -was pressed against the end board and gentle pressure Tsas exerted on 
the body to hold the mouth closed. The caudal fin isas flattened and the 
two lobes straightened but not pressed together as has been advocated by 
Hile (ipliS). With a fish in this position the total length measurement 
•was made from the tip of the loner jaw to the tip of the caudal fin 
(Figure 1). 
Maximum depth of body was meastired by placing the fish on its side 
•nith its belly against the end board (Figure 2). "While exertir-g gentle 
pressure, but not sufficient to ccsnpress the belly, the measxiremenb "sras 
tal'ien just anterior to the insertion of the dorsal fin. 
The measurement of the mouth "nidth (cleithrum iridth) "was made by 
placing the bass belly-down on the measuring board. The operculum of 
one side was placed against the end board and, Tihile holding the 
Figure 1. Uethod used to obtain measurements of total lengths of largenouth bass and foraf^ 
fishes included in this study. 
Figure 2. Uethod used to obtain neasrxrements of maxinunudepth 
of body of forage fishes. 
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opercTilar flap closed or. the other side, the measTireinent was read at the 
posterior nargin of the preoperculm (Figare 3)» 
In determining the simple lircear relationship between total length 
and month -width, the sums of squares and cross products for each pond 
population of largeaouth bass were computed using first, the actual values 
of measurenient data, and second, the logarithmic valTies of ineas\irement 
data. The sitaple linear regression equation used for the actual values 
of data -was as follows: 
M z a •*. bl, 
and for the logarithmic values of data it "was 
log K r log a * b log L, 
•where M is the mouth T/idth and L is the total length of bass. 
In the studies conducted by Godsil (19U8) and ilartin (19U9) it "was 
shown that the regression of different body parts on length of various 
fishes did not give linear relations, even with transfonnations to logarithms. 
However, Schaefer (19^8, 19^2) stated that regression of depth on length for 
yellcOTfin tunas followed a linear relation over the entire range of lengths 
included in his data. It was pointed out by Marr (195^) that the use of 
strai,^t line relations made for easier use of conventional statistical 
tests. In this present investigation it was desired to use linear 
equations to describe relations between total length and mouth Tsidth and 
total length and naaciinum depth of body so that reliable estimates of variance 
could be obtained. Also it was felt that linear regression would pennit 
application of more conventional statistical tests to the relations between 
populations of a given species. 
It coiild not be determined froni plotting of data whether or not a 
Figure 3« Method used to obtain "mouth Tridth" measure 
ments of largemouth bass. 
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rectilinear or allccietry equation "would best represent the relation of 
total length to nouth "sridth for larjeaouth bass. Plotting these data on 
arithmetic coordinates gave strongly curvilinear relations, -while plots 
on logarithmic coordinates gave moderately curvilinear relations, thus it 
•was realized that no single regression line could be fitted over the 
entire range of total length for these bass. It -was noted in large plots 
of these individual data that breaks or grotrbh iiiflections, such as 
described by Martin (19li8), occurred at appr<Hdmately 100 millimeter 
intervals of total length. However, -vTithout conpating, it Tsras impossible 
to detemine -whether actual or logarithmic -values of the da-ba -trould give 
the best estimating equations for these 100 millime-ber in-fcerval groups. 
H-otting of the total length - maacimuia dep-th of body data for forage 
fishes -was done on arithmetic and logarithnic coordinates. In each case 
practically linear relations -srere obtained, bxifc again it -Jras impossible 
to determne if actiial or logarithmic values of data -rould give the best 
estimating equations. 
Since the prediction equations for largemouth bass and forage fishes 
had to be combined to permit the estiniation of sizes of forage fishes a 
largemouth bass can srwalloir, the selection of the appropriate values of 
the data to \ise in computing bad to be based upon these final estiiaates. 
Hoire-ver, since all calculations had to be aade to obtain these estimates, 
the results are inclxided in this discussion so that the differences 
olbtained frcm each set of -valties may be conpared. In the final appli­
cation, the estimating equations determined from actual values of da-ta 
•swere used since their estimates -were as accurate as those ob-bained from 
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logarithmic values and the work involved in conputing them iras unidi less. 
An effort T?as made, honrever, to determine the type of eqaation -which 
Yfould be most descriptive of the relationship of total length to nouth 
Tffidth of bass for the range of total length from 31 to millimeters. 
The two following relations were computed using the average mouth width 
for each 10 millimeter interval of total length of bass: 
M; a + bL + cl? 
and 
M s a * bL c/L 
Sizes of Forage Fishes a largamouth Bass Can Swallow 
The second objective of this investigation was to determine the total 
length of various forage fishes which a largemouth bass of a given total 
length can swallow. To accomplish this, it was first necessary to make 
measurements of the bony structures, located around the esophagus, that 
would limit the size of fish -srfiich a bass can swallow. To verify the 
results of these measui^ments laboratory feeding tests, using living 
specimens of largemouth bass and forage fish, Trere conducted. 
The skeletal structures malri.ng up the pectoral girdle of a largemouth 
bass were originally described by Shofeldt (1883) • Since this first 
description, the nomenclature of the various bones fonning this girdle 
has changed, and the names used in this study will conform with those 
proposed by Adams and Eddy (19U9). 
iifeasuremenb of the maximum inside horizontal distance or width of the 
pectoral girdle in the region between the cleithrum bones was made on 
2h 
individxxal largenouth bass in the follcrsfitig maimer. The mouth of the bass 
was opened and a dull pointed div?.der in the closed position "was inserted 
into the rsouth, Ihe tips of tiiis closed divider -were then pished into the 
opening of the esophagiis for a depth of one-fourth to one-half of an inch, 
depending upon the size of the bass, "While in this position the tips of 
the divider -were forced apart mtil the pectoral girdle uas stretched to 
its "maxiiiitmi" -width. This "maxiimim" -Ridth -was estimated by the amoiint of 
pressure being applied to spread the tips of the divider, and by noting the 
bulging of the girdle. Tl»hen the posterior margin of the cleithrum bones 
becarae noticeably distended from its usrially flattened position, it yras 
assuned that the maximtiin spread of the girdle had been obtained. The 
technique employed is shown in Figure U. Locking the divider securely at 
this angle, the tips Trere slipped out of the esophagus and removed from 
the mouth and the distance between the tips -was measured to -tiie nearest 
millimeter (Figure $). 
External measurements of the distance between the posterior margins 
of the preopercula -were then made on the same largemouth bass in the same 
manner as previously described (see Figure 3)» It Tras found that the 
"Width of the bass between the posterior margins of the preopercula, -nith 
the opercular flaps closed was, for all practical ptirposes, the same as 
the inside measurements between the cleitharum bones (Table 1)» Thus the 
exteidor preopercula -width measurements are teimed mouth -widths in this 
s-fcudy. 
A series of laboratory experiments -was conducted during the summer 
of 195U to detennine -the maximum size of -various forage fishes largemouth 
bass can swallow. In these -bests, 29 largemouth bass ranging in size frcm 
Figure U. Method used to deteirnine iridth between cleithrum bones irith 
divider. 
Figure 5. Measuring distance between points of dividers which were 
set at "maximuni" cleithrum width for the bass shown. 
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Table 1. Inside measTareinents between cleithrum 
bones vath acconipanying external measiire-
ments of mou.th Tnidths of 20 largeaouth 
bass. 
Total length 
mm. 
Cleithrum "width 
m. 
Mouth -width 
mi. 
158 15.5 16.0 
180 20.0 20.0 
195 19.0 19.0 
197 20.5 20.0 
200 21.5 22.0 
2Q:>' 20.0 20.0 
208 23.0 23.0 
219 22.0 22.0 
226 25.0 2li.0 
228 26.0 26.0 
235 26.0 25.0 
239 27.0 27.0 
2JiO 28.0 28.0 
2h2 23.0 2li.0 
2hh 25.5 26.0 
250 27.0 27.0 
251 27.0 27.0 
253 27.0 27.0 
255 28.0 28.0 
287 3li.O 33.0 
155 to 290 niHimeters in total len^cth vrere stocked individually in glass 
aquaria. These aquaria had altaninum frames, glass sides and bottcms and a 
capacity of 15 gallons. In these tests each equaritm contained 12 gallons 
of irater. These aquaria -srere set tgj on especially designed tables as 
shown in Figure 6. Each aquaritm nas aerated "with compressed air through-
oiit the U.5Hmonth test period. The uater in the aquaria -was changed every 
two -weeks when the water teinperature was below 80°F,, and every 5 to 7 
days irhen the temperature -was higher. The water in all aquaria contained 
Flpure 6. TabJe irtth aquaria containin- bass used in feeding tests. The air and water supply 
pipes are located beneath the shelf in the center of the table. 
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a concentration of 0.5 parts per nillion acriflavin throughoat the experi­
mental period. It had been determined in previous research work in the 
Farm Ponds laboratory that this chemical at the concentration used Tfould 
not interfere mth the noimal activity of the fish, and -Brould decrease 
the possibility of fungal and bacteirial infections. 
The bass used in these tests -were obtained frcm those fish recovered 
upon draining ponds F-U and F-25 on April 19, 19^h, These 29 bass Tirere 
brought into the laboratory and stocked into aquaria on April 22, Prior 
to being placed in their respective aquaria, the total length and mouth 
Tridth of each bass trere determined. The bass -nere reinoved from the aquaria 
once each month and their total length and mouth -width detersiined. 
These bass ytere fed bluegills, golden shiners, or goldfish periodi­
cally, either every other day or every third day depending upon how hungry 
the bass appeared to be each day. After being measured, the forage fish 
was simply released into the aquarium Tdth the bass. Fishes not eaten 
•within 6 hours were removed frcaa the aquaria. The total length and naxinum 
depth of body of the forage fish fed each bass trere recorded separately, A 
note -was made on Trhether each forage fish -aras eaten or rejected by the bass. 
Field Application of Relationships of Mouth "Jfidth of 
Bass to 25aximm Depth of Body of Forage Fishes in 
Fisheries Manageroent 
The third phase of this investigation iras concerned -with the appli­
cation of the information obtained from the two previous phases of research. 
To demonstrate the application of this information the fish population from 
a l.U acre pond was used. Complete data concerning the species, sizes. 
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nijinbers, and wei^ts of the population were obtained by cocipletely draining 
the pond and collecting eill of the fish present. After the fish Tsere 
collected from the pond, they Tjere placed in 500 gallon concrete tacks. 
Fresh stream water "was ran through the tanks to keep the fish alive. The 
fish-were then removed from these tanks and sorted into species. 
In the case of the largemouth bass all of the individuals frcm the 
pond -were separated into inch-groups based upon their total length. The 
individuals in each inch-group -were then counted and their total -weight 
detemined. An inch-group is that interval of total length between -0.5 
and 0.5 for a given inch. For example, the 6 inch-group includes the distance 
5.51 through 6,50 inches. 
In securing the data on the forage fishes a slightly different proce-
di^re from that used on the largemouth bass was followed. After the forage 
fishes -were separated into species, all individuals greater than 5.5 
irsches in total length were individually measured and placed into their 
respective inch-groups and weighed. All fish of the same species less 
than 5*5 inches in total length were placed together and several repre­
sentative samples (totaling approxiinately 2 percent of the total number of 
small individuals) were taken. These samples were then measured and placed 
into their respective inch-groups. The individuals in each sample inch-
group were then counted and their total weight determined, Frcm these 
sample data the cotaposition of for^e fishes less than 5.5 inches total 
length was determined. 
All computations throughout the study were triple-checked by 
recomputing the data. 
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eesuits aid discussion 
The results of this investigation mil be presented in the same order 
as that used to describe methods of securing data. The headings Tinder 
"vrtiich these various phases of reseaarch -will be disciissed are as f ollovra: 
1, Relationships of body measurements 
2, Sizes of forage fishes a largemouth bass can swallow 
3* Field' application of relationships of mouth •sri.dth of bass to 
maxinixna depth of body of forage fishes in fisheries management. 
Each of the above mentioned phases of the investigation uill be summarized 
before continuing to the next, since each following phase trill be based 
upon inferences frcsm the previous one. 
Belationahips of Botfy ISeasurements 
The relationships of body measuremeirbs ifdll be presented by species, 
that is, for largemouth bass, for bluegills, for redear sunfish, for green 
sunfish, for golden shiners, and for goldfish. 
larggmouth bass 
Measurements of largemouth bass, as described in Idie previous section, 
•were made on 1377 individuals ranging in size from 31 to 595 millimeters 
in total length. These largemouth bass specimens trere collected from 37 
different pond populations. The area of these ponds ranged frtm 0.25 to 
approximately 30 acres. Information concerning these pond populations is 
given in Table 2, and the size distribution of the largemouth bass uithin 
a pond population is given in Table 3* 
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Table 2, Papulation data for largemouth bass 
Pond Stocking Total length Yto, 
Pond area rate. Bate Date l!in. llax. indiv. in 
acres per acre stocked drained QCl. mm. sasiple 
F-8 0.2$ 100 5-11-51 6-6-52 35 290 28 
F-9 0.25 150 5-11-51 6-5-52 h6 276 2U 
F-n 0.25 150 5-11-51 6-10-52 ho 295 35 
F-12 0.25 100 5-11-51 6-I1-52 U6 291 2h 
F-13 0.25 100 5-11-51 6-U-52 la 310 22 
F-llt 0.25 200 5-8-50 Ii-18-51 U;2 189 22 
F-15 0.25 150 5-11-51 6-li-52 211 2hB lU 
F-16 0.25 100 5-8-50 U-18-51 2U6 291 19 
F-18 0.25 100 5-11-51 6-3-52 28U 32li 10 
F-19 0.25 100 5-11-51 6-3-52 2ii9 302 17 
F-20 0.25 i5o 5-11-51 6-3-52 2ia 293 20 
F-22 0.25 200 5-8-50 U-17-51 180 207 3 
F-2U 0.25 100 5-11-51 6-3-52 215 319 18 
F-25 0.25 100 5-11-51 6-2-52 217 305 17 
F-26 0.25 100 5-11-51 6-2-52 3U 290 21 
F-27 0.25 100 5-11-51 6-5-52 la 311 2h 
F-13-2$* 0*25 ea. 200 5-30-53 U-9-5U 156 290 86 
S-9 3.5 100 1-27-50 1-18-5U 168 li22 52 
S-lU 12.U 125 5-11-51 3-12-53 152 Uoo 20 
S-18 1.0 80 3-30-53 6-25-53 U2 115 102 
S-6 26.0 100 5-7-U7 Spr.*53 120 470 U2 
S-1 22.0 100 6-lO-li7 Spr.»53 265 506 13 
F-18 etc.* 0.25 ea. 50 6-11-52 3-6-53 221 U32 30 
s-n 2.6 100 U-20-li9 11-15-50 155 Uoo 59 
S-12 2.2 100 li-20-U9 11-20-50 3U7 390 31 
E-8 1.0 100 li-30-U9 9-18-51 230 lao 3ii 
E-6 1.0 100 U-20-U9 10-18-51 253 370 26 
s-U 1.3 100 1-3-U9 10-10-50 120 318 ho 
S-8 10.7 100 U-20-U9 11-8-50 59 I168 155 
F.P.li l.li 100 5-11-51 10-23-52 75 383 128 
E-7 1.0 100 U-20-U9 11-2-51 270 li23 20 
&-lU 12 .U 125 5-30-51 9-2U-53 llil 217 lU 
s-llt 12.1; 125 5-30-51 9-23-53 136 213 20 
s-iU 12 .U 125 U-204t9 11-18-50 182 U2li 65 
L.Creck tinknotm tmknomi 9-29-52 317 569 10 
Delos Xt tt 10-6-52 35U 595 12 
F-3 etc.* 0.25 ea. 100 5-11-51 6-9-52 31 336 100 
Consolidated data from ponds in replicated experiments. 
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Table 3» Size distribution of largecouth bass irithin each of 37 pond 
popxalations. 
Nusiber of largemouth black bass irithln each 
1CX3 mini meter interval of total length Total 
Pond 0-100 100-199 200-299 300-399 1;00-U99 500-599 N 
F-8 lU 1 13 28 
F-9 15 • 9 - — 2U 
F-11 15 1 19 35 
F-12 9 — 15 — 2U 
F-13 lii — 5 3 — — 22 
F-lii 22 _ — 22 
F-15 — lU — — lit 
F-16 — 19 — — 19 
F-18 — 7 3 10 
F-19 • lU 3 — — 17 
F-20 _ 20 — 20 
F-22 — 2 1 — 3 
F-2li •• _ 12 6 — «• 18 
F-25 _ 9 8 _ — 17 
P-26 lit 1 6 _ 21 
F-27 11; — 5 5 — 21; 
F-13-25» — 33 53 — 86 
S-9 — 10 31; 6 2 — 52 
S-llt — 12 7 — 1 20 
S-18 99 3 — «• 102 
S-6 — 16 8 18 h2 
S-1 — — 1 — 11 1 13 
F-lB etc.* - 25 2 3 — 30 
S-11 — 21 k 33 1 59 
S-12 — — 31 — 31 
E-8 — 19 10 5 3U 
E-6 • 23 3 «• •• 26 
s-U • 20 16 U • Uo 
S-8 81 30 20 20 h 155 
F.PJt 5U U8 — 26 m. 128 
E-7 u lit 2 20 
S-lU 13 1 — 11; 
S-llt — 19 1 — — 20 
S-lU 3 23 38 1 — 65 
L Creek • 2 6 2 10 
Delos — — — 1 h 7 12 
F-3 etc.* Ul - h8 11 - — 100 
*Consolidated data frcm ponds in replicated experiments. 
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The linear regression of nouth tridth on total length of largemoxith 
bass for each of the 37 populations -was determined. These regression 
coefficients, standard deviations (s), and correlation coefficients (r) 
are given in Table U. The homogeneity of the regression coefficients 
(Goulden, 1902, p. 158-159) for the 37 pond populations of largemouth bass 
•was tested by analysis of covariance. Using actual values of measurements 
the folloToring analysis was obtained. 
D.F. S.S. M.S. F 
Total 1339 26,963 
Populations 1303 17,688 13.58 
Difference 36 9,275 257.6U 18.98 
¥ith logaritlmic values of measurements the follcfvdng analysis "was obtained 
D.F. S.S. M.S. F 
Total 1339 6.605380 
Populations 1303 5.2Wi22 .O0UO25 
Difference 36 1.360958 .03780U 9.39 
At a P - ,01 the tabular F is 1«60 •with = 36 and Ng s 1303 degrees of 
freedom. The calculated F's obtained in these analyses are highly signi-
ficant. thus the regression coefficients for the pord populations of large-
mouth bass •srere heterogeneo-os. 
Since the primary puarpose of this investigation of the relationships 
of body measurements of bass Tias to provide estimating equations for 
predicting mouth •width from total length, it "sras deemed necessary to 
disrega:^! the heterogeneous nature of the regression coefficients and 
cranbine all of the measurement data from these 37 pond populations of 
largemouth bass. This would pemit the calculation of prediction equations 
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Table U. Regression coefficients, standard deviations frcm regression, and 
correlation coefficients for relationship of mouth -ividth to total 
length of largemouth bass in each of 37 popiJ.ations, detenained 
from actual and logarithmic values of measurement data. 
Pond N Actual values Logaritlmic values 
b s T b s r 
F-8 28 .101 0.82 .9975 .8870 .1058 .9955 
F-9 2ii .096 1.17 .9930 .90lt2 .12h9 .9925 
F-11 35 .108 1.87 .988U .9500 .1072 .9950 
F-12 2h .lOU 1.U8 .9925 .9319 .0266 .9970 
F-13 22 .loU 1.30 .9950 .8716 .1122 .9951 
F-lU 22 .107 0.93 .8378 1.1131 .0267 .8omi 
F-15 111 .156 1.15 .8197 1.6118 .0227 .8ii80 
F-16 19 .dt6 3.00 .li750 .3000 .1216 .392U 
F-18 10 .22ii 1.69 .8723 1.7250 .0193 .86U5 
F-19 17 .220 0.63 .9750 1.1211t .0303 .70U3 
F-20 20 .202 1.23 .8790 1.8850 .0195 .8712 
F-22 3 .220 0.55 .99UO 2.0301 .0057 .9980 
F-2U 18 .178 2.39 .7887 1.U587 .0292 .7981 
F-25 18 .120 2.99 .769^ 1.2179 .1396 .8006 
F-26 21 .099 0.9it .9960 .9156 .0300 .9965 
F-27 2h .108 1.67 .9930 .9781 .1166 .9960 
F-I3&25 86 .lUi 1.36 .97U2 1.3102 .0229 .9783 
S-9 52 .160 1.69 .98U8 1.3302 .023li .9829 
S-Hi 20 .IU4 0.98 .9938 1.3082 .0187 .9920 
S-18 120 .lOU O.IIL .9h3h 1.0067 .ICXX) .9088 
S-6 h2 .lUi 5.92 .9550 1.2296 .2600 .7335 
S-1 13 .200 5.23 .9171 1.U928 .1095 .9U97 
F-18 30 .151 3.31 .9225 1.2211 .1205 .9165 
S-11 59 .1U7 1.95 .9875 i.Uiao .0287 .990U 
S-12 31 .133 2.57 .5263 1.2388 .028U .52Ui 
B-8 3h .121} 2.55 .9669 L.OLUIO .0295 .9680 
E-6 26 .167 2.59 .8197 1.5217 .0210 .9317 
S-U Uo .135 1.99 .9787 1.632ii .1^62 .9828 
S—8 155 .100 7.25 .81i79 .9369 .0183 .9783 
F.P.U 128 .12li 1.35 ,99hh 1.1281 .0235 .9960 
E-7 20 .1U7 2.61 .93U8 1.2816 .0266 .9U50 
s-Hi lU .1U3 1.27 .9220 1.1921 .0309 .8983 
s-iU 19 .156 1.18 .9257 1.2812 .0277 .9088 
S-LLI 65 .129 2.83 .9U97 1.1757 .1118 .9597 
L.C. 10 .159 h.3h .9I120 1.0726 .103li .927U 
DELOS 12 .186 6.80 .8798 1.2313 .12U5 .8916 
F-3 100 .lOU 1.27 .9930 .90ljlt .1053 .9586 
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•which •would cover practically the entire range of total length for this 
species of fish. It -was also assumed that such ccmbined data isould give 
estimates of the variations which niight be expected in individuals of this 
species frcm different habitats. 
The 1377 largemouth bass -were caabined and then arranged in numerical 
order, starting Tdth the smallest and proceeding to the largest, based upon 
their total length. The individuals irere then divided into 10 millimeter 
intervals of total length. The mean mouth mdth -was determined for each 
of the interval groups. The 1377 bass Tsere also separated into inch-
groups based upon their total length and the mean mouth Tsidth for each of 
these inch-groups "was determined. In each separation the mid point of the 
total len!?th interval -was used to represent the proup. The means for each 
of the various groxips are given in Table 5. 
The mean mouth width of bass (per 10 millimeter interval of total 
length) was plotted a:ainst total length using actual and logarithmic values 
of the data. On each plot only slight curvilinear trends -fsere evident over 
each 100 itri Himeter interval of total length, but a distinct curvilinear 
trend "was evident over the entire ratif^e frcm 31 to 595 mill imeters in total 
length. These two plots exhibited such similar curves that it was impossible 
to deteimine visually if actual or logarithmic values of measurement data 
would -^ve the best prediction equations. Also due to the curvilinear 
trends it appeared that no single prediction equation would give accTjrate 
estimates of mouth widths over the entire total length ranpe. 
It would not fce amiss to assume that this curvilinear trend of the 
relationship of mouth width to total length of bass was largely responsible 
for the heterogeneity of pond populations regression coefficients. 
36 
Table l^ean maxiiaxm depth of body and mouth tiidth for each given total 
length interval deterndned from 1377 specinens of largemouth bass. 
Total lenc^th N Maximmn depth of body Mouth width 
In, l&n.* m. Me. 
1 (25) 21 7.0 It.ll 
35 22 7.0 h.U 
U5 97 9.3 5.U 
2 (51) 212 10.2 5.7 
55 95 10.8 5.8 
65 60 12.9 7.1 
75 li5 lU.U 7.6 
3 (76) 106 lii.5 7.6 
85 20 17.3 8.6 
95 32 18.8 9.h 
h (102) 52 19.3 9.6 
ro5 16 21.0 10.3 
115 9 23.1 11.7 
125 10 2li.6 ll.U 
5 (127) 29 25.9 12.2 
135 H; 27.8 13.0 
lli5 li7 29.7 U.o 
6 (152) 119 31.1 lU.8 
155 53 32.1 IS.2 
165 29 35.0 16.8 
175 30 36.2 17.0 
7 (178) 6U 37.0 17.2 
185 21 38.9 17.9 
195 26 la .5 19.2 
8 (203) 61 a3.5 20.7 
205 22 iiii.O 21.2 
215 2li 1;6.2 21.9 
225 23 li9.lt 23.8 
9 (229) 79 51.3 2li.8 
235 36 52.U 25.2 
2li5 57 55.5 26.5 
10 (25U) 117 55.3 25.8 
255 h2 55.2 26.0 
265 5U 59.9 27.3 
275 81 63.3 30.1i 
11 (279) 185 6U.1 30.7 
285 53 66.5 31.8 
295 5U 68.9 33 .U 
305 37 71.6 3lt.li 
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Table 5. (Contiimed) 
Total len^h N Maxinram depth of body Mouth width 
In. Mn. lin. 
12 (305) 76 70.9 3h,l 
315 13 71.8 35.9 
325 7 73.3 37.7 
13 (330) 31 78.7 38.7 
335 8 79.8 38.1 
3I;5 28 79.8 38.7 
355 37 83.1 U0.9 
Ih (356) 89 83.9 liO.3 
365 ia 86.U liO.6 
375 27 88.8 lil.9 
15 (381) 65 89.8 U2.U 
385 27 89.1 iil.6 
395 12 95.1 lt6.6 
U05 lU 102.6 51.6 
16 (li06) 2li 101.8 51.2 
ia5 7 101.6 51.7 
U25 13 IOU.6 53.1 
17 (ii32) 23 106.8 55.0 
li35 9 110.1 57.7 
Uh$ 1 105.0 55.0 
U55 5 109.2 55 .U 
18 (lt57) 9 118.U 58.2 
U65 3 130.3 65.3 
U75 1 130.0 60.0 
19 (U83) U 13I4.O 68.0 
ii85 2 I3U.5 68.5 
U95 3 132.3 67.7 
505 2 128.0 73.0 
20 (508) h 132.0 69.8 
515 1 liiO.O 65.0 
52li 1 lli7.0 83.0 
21 (533) 3 lli7.7 79.3 
535 
5U5 3 152.0 80.3 
555 
22 (559) 3 160.3 83.3 
565 1 150.0 85.0 
575 1 171.0 79.0 
23 (58li) 1 178,0 98.0 
595 1 178.0 98.0 
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Several of the populations had rather narrow ranj^es of total length 
and the ranges from different ponds fell on different portions of the 
curve. Five ponds (F-8, 9, 11, 12, and 26) had bass in the first three 
size ranges and the regression coefficients appear to be quite homogeneous 
(.101, .096, .108, .lOU, and .099, respectively). Five ponds (S-9, lU, 
6, 11, and lii) haui bass in the size ran.^es 100-ii99 and the regression 
coefficients again appear quite homogeneous (.160, .lltii, .lltl, .lii7, and 
.129, respectively). Five ponds (F-18, 19, 2U, 2$, and E-6) had bass in 
the size range 200-399. The regression coefficients (.22U, .220, .178, 
.120, and .16?, respectively) do not appear to be as homogeneous as in the 
other exan55les. Four ponds (F-13, 27* F.P. U, and F-.3) had bass in the 
first four size ranges, and the regression coefficients appear quite 
homogeneous (.lOU, .108, ,1221, and .lOU, respectively). 
These apparent hcanogeneous and heterogeneous groups of regression 
coefficients were tested by analyses of covariance. The results of these 
analyses are summarized below: 
Pond groups Homogeneous regression coefficients for range groups 
31- less 100- 200- 300- IjOO-
B9S mm, 100 mm, 199 una, 299 nm. 399 ran, U99 m, 
^-8,9,11,12,26 No Yes Tes(*) 
S-9, lit, 16,11, lli Tes Yes Yes(*) No Yes(^«-) 
F-l8,19,2lt,25,E-6 Yes Yes Yes 
F-13,27,F,P.U,F-3 No Yes Yes(-»-) Yes(-!i-) 
The (->) by the results of the analyses of covariance test indicates that 
the mean squares of deviation within the populations were greater than the 
mean squares of deviations for differences between populations. 
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The homoceneity of the regression coefficients for all populations of 
bass represented in each ICX) millimeter interval group iras also tested by 
analysis of covariance. In the less than 100 millimeter ^roup the regres­
sion coefficients -Here hcanogeneous for 11 populations of bass (F-3, 8, 9> 
11, 12, 13, 26, 27, S-8, 18, and F.P.U)» For the 100-199 miUiiueter gronp 
the regression coefficients -were heterogeneous for the 17 populations of 
bass (F-8, 11, 111, 22, 26, 13-2^, S-U, 18, 6, 8, 9, 11, lU, lU, Hi, lU, and 
F.P»U)« In the 200-299 milllTneter j^oup the regression coefficients -were 
heterogeneous for 30 populations of bass (E-8, 7j 6, S—U, 1, 8, 11, lii, lli, 
lii, lit, 9, F-3, 18, 8, 9, 11, 12, 13, 15, 16, 18, 19, 20, 22, 2li, 25, 26, 
27, 13-25)• In the 300-399 millimeter group the regression coefficients 
•were heterogeneous for 21 popalations of bass (E-8, 7, 6, S-li, 6, 8, 11, lU, 
9, 12, F.P.li, F-3, 18, 13, 18, 19, 2h, 25, 27, L.C., and Deles). In the 
iiOO-l499 millirceter group the regression coefficients -srere haaoreneous for 
12 populations of bass (E-8, 7, S-1, 6, 8, 11, lli, lii, 9, F-18, L.C,, and 
Delos). For the 500-595 millimeter group the regression coefficients -were 
hcmogeneoua for the 3 populations (S-1, L.G., and Delos). 
It appears that the heterogeneity of regression coefficients of the 
various ,^oups iras at least partly the result of comparing populations 
•jTith differtmt size rancres. Schaefer (1952) believed that the lack of 
homogeneity amonr samples of fish from supposedly the same population was 
possibly caused by differences in total length ranges for the various 
saniples. In those cases -srhere the mean squares of deviations "gjthin 
populations nere greater than mean squares of deviations between popu­
lations, the causes of heterogeneity may have been due to errors in 
original meastirements, the narrow range of total length within a size 
Uo 
group for a population, the use of only approximate regression equations, 
or to I'er.etic differences of individuals as proposed by Schaefer (1952), 
Even though the majority of bass used in this study Trere proreny of stock 
maintained by the Fara Ponds Project for the past 1^ years, they •would 
still be considered "wild, unselected bass. 
Prediction equations for the relationships of total length to mouth 
•sjidth of largemouth bass with accompaiiying standard deviations (s), corre­
lation coefficients (r), coefficients of variation (c), and standard errors 
of the regression coefficients (s^) were determined from actual and from 
logarithmic values of measurement data for the follorring total length 
intervals: 
1. The entire range frcaa 31 throu?^^ 595 millimeters 
2. Frcm 100 throu^ 590 millimeters 
3. From 31 through 99, frcm 100 through 199, frcan 200 through 299, 
frcsa 300 throu^ 399, frcm UOO through l}.99j and from 500 through 
595 millimeters. 
The prediction equations for each of the separations Tsith their accompany­
ing estimators detemined from actual and logarithmic values of measurement 
data are given in Tables 6 and 7. 
Graphically the lines representing the prediction equations determined 
from actual values of measurement data are shown in Figure and lines 
representing prediction equations deteimined frm logarithmic values of 
measurement data are shown in Figure 8. A ccaaparison of the linear 
relationships shown in these two figures emphasizes the similarity of the 
equations obtained from actual and frcm logarithmic values of the measure­
ment data. These graphs also illustrate the inability of any sinsde linear 
ia 
Table 6. Estimating equations for determining mouth iri-dth of larf^mcath 
bass from total lenpth, determined from actual measurement data. 
Range Estimating equation 
Std. 
dev. * r G 
S-td. error 
of b • 
31 - 590 M = -2.39 0.1222L 3.7li .968 16.0 .000836 
100 - 595 16 = -7.26 * 0.1383L 3.9U .951 13.3 .OOlla 
31 - 99 M = 1.88 -• 0.0775L 0.68 .883 lO.ii .00266 
100-199 M = -0.98 • 0,10lt3L 2.13 .76U lU.O .00557 
200 - 299 M = -7.03 • 0.1358L 3.21 .737 11.5 .00592 
300 - 399 M s -2.8U -• 0.1212L U.39 •606 11.1 .oloU 
Uoo - U99 M = -19.99 • 0.1755L 5.U7 .65U 9.85 .0271 
500 - 595 M = -50.77 * 0.2UO5L 6 ,1^2 .768 8.1 .G707 
Table 7« Estimating equations for determining mouth -width of lar-:^OTith 
bass from total length, deteimined from logarithmic values of 
measureEjent data. 
Eange Std, S-bd, error 
LAN. Estima-ting equations dev. •». R C b 
31-595 logM — -0.9938 * 1.0120 logL .0633 .9627 5.0 .0017 
100-595 logM = -1.U582 f 1.203U logL ,0hh6 .9726 3.1 .0092 
31-99 1<^J1 
— 
-0.5222 -t 0.7518 logL .0U53 .8907 5.6 .0200 
100-199 logM 
~ 
-0.8623 0.9303 logL .0758 .68U2 6.5 .0623 
200-299 logM 
— 
-1.6031 4. 1.2633 logL .0523 .9078 3.6 .055U 
300-399 logM 
— 
-0.8317 J. 0.9553 logL .Oli23 .6202 2.6 .0788 
]i00-li99 at -2.0U35 1.U362 logL .oU5i .6U22 2.6 .2272 
500-595 logJ£ = -3.0377 * 1.8057 logL .029U .8U33 1.6 .li070 
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Figure 7. Estimated mouth widths of larpemouth bass of rP-ven total length as 
determined from equations given in Table 6. 
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Figure 8. Zstimated mouth iridths of larpemouth bass of ^^ven 
total length as determined from equations givon in 
Table ?• 
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equation to give reliable mouth Tsridth estimates over the entire ran re of 
total length of bass. 
The ability of the epilations given in Tables 6 and 7 to estimate the 
mouth width of bass "was tested using the mean mouth width data given in 
Table The equation used to determine the difference between mean and 
estimated values was as follows: 
( ^  M X 100) - 100 s percent difference. 
The calctilated differences, expressed as percentages, are summarized in 
Tables 8, 9, and 10. These differences indicated that none of the 
equations, determined from actual nor logaritbnic values of measurements 
for either the entire or 100 through $9$ Eiillimeter range, f:ave usable 
estimates of mouth width near the extremes of the total length ranrre. 
Fairly usable estimates of mouth widths of bass were obtained by using 
100 millimeter total length intervals estimating equations determined from 
either actual or logarithmic values of measurements. These evaluations of 
the estimates by using the differences between mean and estimated values 
may not be entire?i.y valid, particularly at the extremes of the prediction 
equations ranges- Such difficulties arose from the unequal distribution of 
individxials within each inch-i^up of total length. In some instances a 
majority of the individuals were near one extrisme for that group. Thus 
the means for the inch-groups may be scanewhat in error. However, this 
technique was believed to be sufficiently accurate to indicate the 
ability of the vajrious regression equations to estimate the mouth "itldth 
of bass frcm their total length. 
Tests, employing analysis of covariance, were perfomed to determine 
if the regression coefficients of the 100 millimeter total length interval 
Table 8. Differences, as percentages of means, between mean mouth -jridths 
for lar^emouth bass and values estimated by a lir.ear regression 
frcQ 31 throTigh 595 millitaeters of total length. 
Total lenj^h N Mean Deviations of estimated 
Inch- Inch- mouth mouth mdth as percentaj^e 
group group •nddth of means 
mean Mn. Actual Ixjgarithnic 
Ita. data data 
1 3I4.5 21 h,h -59 .li -18.2 
2 51.0 212 5.7 -32.6 -5.3 
3 72.9 106 7.6 -lU.2 2.6 
U 99.7 52 9.6 2.0 n.U 
5 127.3 29 12.2 8.0 12.3 
6 151.7 119 lli.B 9.1 10.8 
7 177.0 6U 17.2 11.8 11.0 
8 203.0 a 20.7 8.3 6.3 
9 230.5 79 2li.8 U.O 0.8 
10 253.8 117 25.8 10.9 6.6 
11 279.1 185 30.7 3.3 -l.U 
12 302.1 76 3I1.I 1.3 -3.2 
13 335.0 31 38.7 —o.U -5.7 
lU 356.2 89 U0.3 2.1 -3.7 
15 379.2 ii2.1i 3.7 -2.6 
16 liOii.2 2U 51.2 -8.2 -13.9 
17 li28.7 23 55.0 -9.1 -Hi ,9 
18 U59.U 9 59.2 -9.2 -Hi.2 
19 U89.5 h 68.0 -15.5 -21.3 
20 505.3 h 69.8 -15.0 -20.7 
21 539.0 3 79.3 -20.0 -25.6 
22 562.7 3 83.3 -20.3 -26.0 
23 595.0 1 98.0 -28.2 -33.5 
U6 
Table 9. Differences, as percentages of means, between mean mouth width 
for largemouth bass and values estimated by linear regression 
frcm 100 through 59^ millimeters of total length. 
Total length N ISean Deviations of estimated 
Inch- Inchr- mouth mouth TTidth as percentage 
j^oup group •width of means 
mean ito. Actual Logarithmic 
ISa. data data 
5 127.3 29 12.2 -15.2 -2.5 
6 101.7 119 lii.8 -7.3 -0.7 
7 177.0 6lj 17.2 0.0 2.9 
8 203.0 61 20.7 0.5 0.5 
9 230.5 79 2U.8 - 0.7 -2.0 
10 253.8 117 25.8 7.9 5.U 
11 279.1 185 30.7 2.1 -0.U 
12 302.1 76 3U.1 1.2 -1.5 
13 335.0 31 38.7 1.0 -1.6 
Hi 356.2 89 ho,3 li.2 1.7 
15 379.2 65 h2.h 6.6 It .2 
16 UoU.2 2li 51.2 -5.0 -6.8 
17 1;28.7 23 55.0 -5.ii -6.9 
18 h$9.h 9 59.2 -U.9 -5.9 
19 li89.5 U 68.0 -11.1 -11.6 
20 505.3 U 69.8 -10.3 -10.6 
21 539.0 3 79.3 -15.2 -lh.9 
22 562.7 3 83.3 -15.3 -Hi.8 
23 595.0 1 98.0 -23 .ii -22.li 
U7 
Table 10. Differences, as percentages of means, between mean mouth width 
for largemouth bass and values estimated by a linear regression 
by 100 millimeter intervals of total length. 
Total length N Ifean Deviations of estimated 
Inch- Inch- mouth mouth "width as percentage 
group grovip Tridth of meapg 
mean lin. Actual LogarithiS? 
lAs. data data 
1 3U.5 21 li.ii 3.U 0.0 
2 51.0 212 5.7 2.3 1.8 
3 72.9 106 7.6 -1.0 0.0 
h 99.7 52 9.6 0.0 0.0 
5 127.3 29 12.2 0.8 2.5 
6 151.7 119 lii.8 0.3 -0.7 
7 177.0 6U 17.2 1.6 -1.8 
8 203.0 61 20.7 —0.8 -1.0 
9 230.5 79 2U.8 -2.1 -2.8 
10 253.8 117 25.8 6.1i 5.ii 
11 279.1 185 30.7 0.6 0.0 
12 302^1 76 3U.1 -1.0 0.3 
13 335.0 31 38.7 -2.1i -2.3 
11; 356.2 89 itO.3 0,0 -0.5 
15 379.2 65 h2,h 1.7 0.2 
16 Uoh.2 2U 51.2 -0.5 -2.1 
17 U28.7 23 55.0 0.5 -0.7 
18 U59.U 9 59.2 2,h 1.9 
19 U89.5 h 68.0 -3.0 -2.9 
20 505.3 h 69.8 l.li 0.0 
21 539.0 3 79.3 —0.6 0.3 
22 562.7 3 83.3 1.5 1.8 
23 595.0 1 98.0 -5.8 -h.3 
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groTips TYere homogeiaeous. Using actual values of measurements and including 
all six interval groups, the foUowir.F analysis -was obtained: 
d.f. s.s. m.s. f 
Total 1370 12,991.7 
Groups 1365 12,Ij.57.3 9.U8 
Difference 5 53U.U 106.89 11.28 
With logarithmic values of measurements and includinfr all six interval 
groups, the following analysis was obtained; 
d.f. s.s. M.s. f 
Total 1370 li.203762 
Groups 1365 3.971107 .003068 
Difference 5 .232655 .OU6531 15.17 
At a P - .01 the tabular F is 3.03 "with - 5 and K2 s 1365 degrees of 
freedom, thus the calculated F's in both of the above analyses are highly 
significant. 
Since it was suspected that bass less than 100 millimeters in total 
length had a regression coefficient different from the bass of greater 
length, analyses of covariance were used on the five interval groups whose 
total len^h was greater than 100 millimeters. Using actual values of 
measurements the following analysis was obtained: 
d.F. s.s. m.s. F 
Total 1001 12,58U.li 
Groups 997 12,281.9 12.57 
Difference h 302.5 75.63 6.02 
k9 
¥ith logarithDoic valties of meastireinents the following analysis "was obtained: 
S«S» M«S* F 
Total 1CX31 3.291095 
Groups 997 3.2178^5 .003288 
Difference h .0732ii0 .018310 5.57 
At a P - ,01 the tabular F is 3«3h "with m U and Ng ~ 997 degrees of 
freedcm, thus by eliminating the bass less than 100 millimeters in total 
len!?th the calculated F*s nere reduced in value. However, they are still 
sufficiently high to indicate a highly significant heterogeneity in the 
regression coefficients of the groups. 
The results obtained in the analyses of the 100 millimeter interval 
groups indicate that it is very unlikely that a single linear equation could 
closely fit any group of bass, -whose total length ranged from 31 to 595 
millimeters. Thus statistical information is available to substantiate the 
choice of estimating equations for 100 miHimeter total length intervals to 
predict the mouth Tddth of largemouth bass. 
The effort to approximate, "with a descriptive equation, the relation of 
mouth -width to total length over the total length range from 31 to 595 
millimeters -was not satisfied by either the rectilinear or allccietiT' equa­
tion already employed. Thus it can be stated that the relation of mouth 
•width to total length of bass does not exhibit either linear or allomorphic 
type of growth except for limited intervals of growth. 
Two curvilinear types of equations -were tried, using the mean mouth 
•width data gi-ven in Table 5» to detennine how ire 11 these curves •would 
approximate the relation of mouth "width to total length of bass for the 
entire range of •total length from 31 to 595 millimeters. The abilities of 
the polynomial and Godsil (19U8) type equation to estima-te tte mouth -width 
of bass for each inch—group of to-tal length, as percent difference from 
means, arc given in Table 11. It is readily apparent that the polynomial 
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equation gives a much better approxisiation to the relation than did either 
the rectilinear or allometiy equation for the entire rarge of total length, 
but does not give as good approxLiaations as Trere obtained by the 100 milli­
meter interval linear equations. Except for a limited interval of total 
length of bass, the Godsil equation gave a very unsatisfactory approximation 
to the relation of mouth -width to total length. These results emphasize the 
Table 11, Differences, as percentages of means, between mean and esti­
mated values* of mouth TTidth for largemouth bass from 31 through 
595 millimeters of total length. 
Total length Mean Estimated mouth -width as a 
^an mouth uidth percentage of mean 
3n. Iffm , Ma. Polynonial eq. Godsil's eq 
2 51.0 5.7 21.0 335.0 
3 72.9 7.6 7.9 161,8 
h 99.7 9.6 li.2 93.7 
5 127.3 12.2 0.0 59.0 
6 151.7 lli.8 -3.U ia.2 
7 177.0 17.2 -2.3 33.1 
8 203.0 20.7 -5.3 22.7 
9 230.5 2I4.8 -7.7 13.7 
10 253.8 25.8 0.U 19.0 
11 279.1 30.7 -li.6 9.1 
12 302.1 3U.I -U.l 6.1 
13 335.0 38.7 -2.1 3.U 
lU 356.2 liO.3 3.0 5.5 
15 379.2 U2.1i 7.3 6.8 
16 hOh,2 51.2 -2.0 -5.5 
17 U28.7 55.0 0.0 -6.5 
18 U59.U 59.2 3.5 -6.8 
19 U89.5 68.0 -0.1 -13 .U 
20 505.3 69.8 2,1 -12.8 
21 539.0 79.3 0.1 -18,0 
22 562.7 83.3 2Ji -18.2 
23 595.0 98.0 -U.U -26.U 
*Polyncniial equation: M s h.69 + 0,03U2L • 0.00019387l2j Godsil»s 
equation: M s -7.56 * 0.13029liL • 131U.02/L. 
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the fact that these baas exhibit stanzas cf growth with sharp inflections 
lAiich can be very well approximated by a series of linear equations. 
The regression of maxinium depth of body on total length of largemouth 
bass for each of the 37 populations was determined. These regression 
coefficients, standard deviations (s), and correlation coefficients (r) 
are given in Table 12, The homogeneity of the regression coefficients for 
the 37 populations of bass was tested by analysis of covariance. Using 
actual values of measurements the following analysis was obtained: 
D.F. S.S. M.S. F 
Total 1339 18,308.801 
Populations 1303 11^,362.031 11.022 
Difference 36 3,9^6.770 109.633 9.95 
With logarithmic values of measurements the following analysis was obtained: 
I}.F» S.S. i£.S. F 
Total 1339 1,038529 
Populations 1303 .870958 .000668U 
Difference 36 .167571 .OOU65U7 6,96 
The calculated F's in both analyses were highly significant, thus the regres­
sion coefficients for the different populations of bass were heterogeneous. 
The heterogeneous nature of these regression coefficients was again 
disregarded and aU of the data from the 37 populations of bass were combined 
for the same reasons as stated previously. These combined data were 
arranged in numerical order, and then broken into 100 millimeter interval 
total length groups. From these interval group data were ccsnputed 
prediction equations for relationship of maxitnum depth of body to total 
length with their accompanying standard deviations (s), correlation 
coefficients (r), coefficients of variation (c), and standard error of 
?2 
Table 12. Regression coefficients, standard deviations from regression, 
and correlation coefficients for relationship of maximum depth 
of body to total length of largemouth bass in each of 37 popa-
lations detemined from actual and logarithnic values of 
measurements. 
Pond N Acttial values logarithmic values 
b s r b s r 
F-8 28 .221 2,17 .9958 1.0295 ,0305 ,9975 
F-9 2U .213 1.98 .9953 1.00h3 ,023ii ,9977 
F-11 35 .228 2.57 ,9950 l,0311i ,0220 ,996li 
F-12 2U .232 2,83 .99lt2 l,0iiU9 ,0216 ,9985 
F-13 22 .237 2.19 .9972 1,06U6 ,02la .9985 
F-lii 22 .219 1.2it .9056 I.02U3 ,0ili7 ,9lli9 
F-l$ lU ,220 2.01; ,7867 1,0615 ,0192 ,7810 
F-16 19 .163 3.38 .li313 0.600U ,0209 .hl83 
F-18 10 .323 3.29 ,7987 1.3937 ,0200 ,8025 
F-19 17 .2U0 2.99 ,8081 1.0075 ,0196 .8093 
F-20 20 .352 2,h8 .8I468 l.582li .0193 ,8336 
F-22 3 .330 0.30 .9990 1.U352 ,0110 ,9985 
F-2it 18 .262 2.30 ,8910 1.099lt .1392 ,902li 
F-25 18 .2iil 3.85 .8792 1.2086 ,2569 ,9158 
F-26 21 .225 2.31 ,9955 l.OliUO ,1095 ,9965 
F-27 2li .239 l.hP ,9988 1,0782 .2010 ,9990 
F-13&2$ 86 .277 2.56 .9756 1,2283 ,0208 ,979U 
S-9 52 .32i; 3.19 ,9867 1,3212 ,1637 ,9913 
s-lli 20 .333 3.36 ,986U 1,3196 ,2U86 ,9858 
S-18 102 .238 0.60 .9756 1,1126 ,0218 ,96lU 
S-6 U2 .267 8.87 .9711 l,ll;06 ,0129 ,9879 
S-1 13 .319 2.95 ,8988 1.2178 ,1095 ,9273 
F-18 30 .287 6.1i5 ,9192 1.1578 .1153 ,9lli9 
s-n 59 .278 3.2lt .9909 1.2063 .0196 ,9935 
S-12 31 .296 3.U2 ,7197 1.2320 .0167 ,720U 
E-8 3U .271 3.63 ,9855 I.150U .0192 ,988U 
E-6 26 .311 2.17 ,9632 1.3682 .Olii? ,9571 
S-It liO .217 2.02 .99lh 1.1168 .0198 ,9930 
S-8 155 .252 2.62 .9960 1.1213 .1280 .9923 
FP-U 128 .2i;5 1.77 .9976 1.1113 .0197 .9971 
E-7 20 .25U 2.19 .9933 1.1323 ,0129 .9823 
S-lii Hi .23li l.itii .9603 1.0990 ,0186 ,9522i 
S-llt 19 .227 1,51 .9398 1.0225 ,0187 .9327 
S-lii .251 1,36 .9965 1.1338 .019lj ,986li 
L.C. 10 .288 6.87 .9533 1.1193 ,0286 ,9h75 
Delos 12 .355 6.90 .9612 1.2372 .0209 ,9659 
F-3 100 .251 U.31 .9913 1,0839 ,0292 ,9977 
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regression coefficients (Sb)* Using actual values of njeasurements the 
following jresxalts were obtained: 
s r c ®b 
Less 100 mm. D 
— 
5.69 • 0.10551, 2.77 23.06 .0273 
100-199 mm. D z • 00
 
0.2329L, 1.89 .98U0 5.82 .0155 
200-299 mm. D m -18.98 0.30121, 3.71 .902U 6.31 .0216 
300-399 mm. D s 3.iiO •* 0,2259L, 15.81 .367U 19.18 .1180 
UOO-U99 mm. D s -U0.15 4 
0
 
rr
\ 
•
 
0
 8.9i; .7230 8.19 .lUoo 
50O-599 mm. D - -119.13 t 0.19611, 6.66 .9220 U.i4i .2330 
ffith logarithmic values of measureinents the folloTrmg results were obtained: 
3 r c 
Less 100 nxa. 
log D = -0.6223 + 0.957U logi, .0336 .9580 3.16 .OlU8 
100-199 mm. 
log D = -0.6206 0.9715 logI, .0338 .88l;3 2.25 .0278 
200-299 mm. 
log D . -1.2i;27 -» 1.2l;80 logL, .0998 .8706 5.66 .1053 
300-399 una. 
log D - -0.8267 1.0778 logL, .0331 .7819 1.57 .0560 
U00-U99 mm. 
log D s -1.7U08 l.iv331 logI, .0U30 .711i5 2.12 .2170 
500—599 mm. 
loj^ D s -2.7307 • 1.79h0 logL, .0187 .9225 0.86 .2590 
The abilities of the regression equations to estimate the iiiaximuni 
depth of body of bass were tested against the mean depth for each inch-
group as given in Table 5. The differences, as percentages of means, for 
each inch-groTq) as determined frcm suitual and logarithmic value equations 
are given in Table 13. Just as with the results on the relations of mouth 
Sh 
Table 13. Differences, as percentages of means, between mean maximum depth 
of body of largemouth bass and values estimated frcti linear 
regression by 100 millimeter intervals of total length. 
Total length N Mean Deviations of estimated 
Inch- maxirnimi maximum depth as percent­
group depth ages of means 
Logarithmic Inch- mean body Actual 
STOUp m. values values 
1 3I1.5 21 7.0 32.0 l.U 
2 51.0 212 10.2 8.8 1.0 
3 72.9 106 lli.5 -7.6 0.0 
U 99.7 52 19.3 -16.1 1.6 
5 127.3 29 25.9 0.0 2.7 
6 151.7 119 31.1 1.6 1.3 
7 177.0 6U 37.0 1.1 -1.1 
8 203.0 61 U3.5 -3.0 —0.2 
9 230.5 79 51.3 -1.8 -1.0 
10 253.8 117 55.3 h.Q 3.6 
11 279.1 185 6U.1 1.6 0.6 
12 302.1 76 70.9 1.0 -1.0 
13 335.0 31 78.8 O.li —o.U 
2h. 356.2 89 83.9 0.0 0.0 
15 379.2 65 89.8 -0.8 -0.1 
16 liOU.2 2U 101.8 -1.7 -3.0 
17 ii26.7 23 106.8 1.7 1.1 
18 U59.U 9 ll8.lt 0.8 0.5 
19 li89.5 U 13li.0 -3.2 -3.0 
20 505.3 h 132.0 —O.li 0.0 
21 539.0 3 lii7.7 O.h 0.2 
22 562.7 3 160.3 -0.2 -0.2 
23 595.0 1 178.0 -1.1 —0.6 
•width to total length of bass, these differences indicate that usable esti­
mates may be obtained using either actual or logarithmic values "with the 
100 millimeter interval groups estimating equations. 
The hranogeneity of •ttie coefficients for linear regression of maximom 
depth of bo^ on total lei^h for 100 millimeter interval groups of bass 
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•was tested using analysis of covariance. Using actual values of measure­
ments the following analysis was obtained; 
D.F. S.S. M.S. F 
Total 1370 77,^85.276 
CSroups 1365 73,526.8li8 53.866 
Difference 5 3,958.1i28 791.685 lii.70 
•With logaritbmic values of measurement data the following analysis was 
obtained: 
D.F. S.S. M»S. F 
Total 1370 1.6it6U8l 
Groups 1365 1.568602 .00111*92 
Difference 5 .077879 .0155758 13.55 
In each of these analyses the calculated F -was highly significant, thus 
the regression coefficients for the different interval groups of bass "were 
not homogeneoas • It appears that the transfonaation of the measurenient 
data to logarithms "was or little or no value in producing more homogeneous 
linear relations bet-vreen maxdiaum depth of body and total length. However, 
the ozse of logarithm values did tend to reduce the variation in the 
prediction equations, 
ELuegills 
The blue gills, frcm -which measurement data were obtained, "roere 
collected frcm 12 different populations, Tbe area of these bodies of 
•water ranged from 1,0 to several thousands of acres, however the majority 
•were ponds less than 3 acres in area (Table lU). The size of the individual 
bluegills in -fche samples ranged from lU to 235 millimeters in total length 
(Table 15). 
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Table lit, Bluegill population data. 
Pond Pond 
area 
acres 
Stocking 
rate 
per acre 
Date 
stocked 
Date 
collected 
Total length 
Min. Max. 
2&1. IM.. 
Total 
K 
E-6 1.0 1,000 11-30-U8 10-16-51 18 208 7U8 
E-7 1.0 1,000 11-30-U8 11-2-51 21 213 713 
E-8 1.0 1,000 11-30-148 9-18-51 22 215 385 
FB-U l.U 1,000 2-2-51 10-23-52 32 156 2U3 
s-U 1.3 * 1-3-U9 10-10-50 30 178 60 
S-8 10.7 2o»» 1-1-U9 11-7-50 75 160 95 
S-11 2.6 1,000 ll-30-h8 11-15-50 Hi 235 lt59 
S-12 2.2 1,500 11-30-U8 11-20-50 2h 195 689 
S-lIi 12 .ii 1,500 12-l!i-I;8 11-8-50 20 226 1,503 
FP-1 1.6 10** U-21-51 1-12-52 29 212 119 
Kings 
pcsnd 3.0 unknown 2-15-51 59 215 268 
Lake 
Martin uiiknawn 7-26-51 2h 215 253 
No bltiegills "were inclxided in the original stocking of this pcaid. 
**" Adalt bluegills Tiere used to stock these ponds. 
It TTlll be noted that the total number of indiYiduals in each bluegill 
population sample is somei»hat larger than the number of individuals used to 
ccmpute the regression equations. This redaction in numbers fras laade to 
permit easier cctnputations of sums of squares and cross products. The 
selection of individuals to be included in these ccroputed sanrples "sras ngne 
as follows. The measurement data were arranged in numerical order, based 
Table 1$, Frequencies by total length inch-groups of bluepills from each population. 
Pond In. 1 
lin. 13-38 
2 
39-63 
3 
6li-89 
U 
90-I1I1 
5 
115-139 
6 
mo-i65 
7 
166-190 
8 
191-216 
9 
217-2I12 
Total 
N 
E-6 70 108 125 97 158 173 12 5 7I48 
E-7 27 92 109 h2 I6ii 208 59 12 713 
E~8 I3h 68 - 16 51 55 53 8 385 
FM $1 86 6 6 6h 30 - - - 21j3 
s-li 3 26 6 19 6 - - - 60 
S-8 - - 1 36 5o 8 - - tm 95 
S-11 169 6U 118 26 12 30 18 - 2 U59 
S-12 26^ 183 1?0 12 3 35 39 2 - 689 
s-Hi 910 312 lh7 62 6 3 ho 22 1 1503 
FP-1 26 ^7 27 - - 1 3 5 - 119 
KinRS 
pond — 6 109 117 16 8 h 8 - 268 
lake 
Martin 99 63 h6 lU 7 20 2 2 253 
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upon total lenr^h, for each population of bluegills. At least one indi­
vidual for each millimeter of total length included in the copulation 
sample was selected for the computed satny^le. In those cases •where there 
vjBre several individuals Trith the same total length in a population, ttiro 
or more individuals which had the smallest and larriest maximum depth of 
body measurements were selected for ccssputing. This type of selection was 
used so that maximum variations in the regression equations mi^t be esti­
mated. 
In computing the regression equations, the sums of sqiiares and cross 
products were determined fran both actxial and logarithmic values of measure­
ment data. The linear regression coefficients, -with their respective 
standard deviations and corarelation coefficients, determined from^ actual 
and logarithmic values of seasui^ents for each pond population of bluegills 
are riven in Table l6. 
Tests "Were made, using analysis of covaiaance, for homogeneity of 
blue gill, populations regression coefficients between total length and 
maximum depth of body as determined frcm actual and logaritimic values of 
measurements. With actual values of measurements the following analysis 
was obtained: 
D.F. S.S. M.S. F 
Total 
Difference 
Populations ll6ii 
1275 26,OOU.l 
25,137.3 
11 866.8 
21,6 
78.8 3.65 
TSTith logarithmic values of measurements the following analysis was 
obtained: 
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Table 16. Regression coefficients, standard deviations and conflation 
coefficients for relationship of maximun depth of body to total 
lenrbh of bluegills in each population. Determined frcaa actual 
and lo,?arithiaic values of measurenient data. 
Pond N Actual values Logarithmic values 
b s r h s r 
s-n 117 .3988 2.6U .9928 1.2127 .026U .9967 
S-12 107 .3816 1.U9 .9975 l,2h2h .01U5 .9990 
S—8 la .iaao 1.60 .9780 1.217U .0529 .9793 
s-U Uo .li263 2.66 .9938 1.283ii .0735 .9975 
s-iU 135 .3763 7.76 .9li71 1.2233 .0118 .9993 
F.P.U 71 .3877 1.61 .9951i 1.2367 .0173 .9982 
E-6 158 .3853 1.28 .9975 1.2U59 .0263 .996U 
E-7 198 .383U 8.52 .897U 1.20U5 .0217 .9963 
E-8 111 .ia36 2.26 .9957 1.2262 .0017 .9990 
F.P.I 51 .Ii208 1.71 .9975 1.2850 .0728 .9969 
King 79 .1390 1.71 .9957 1.28U5 .olia .997U 
ISartin 80 .3869 1.9U .99h9 1.2103 .0332 .99li5 
D.F. S.S. M.S. F 
Total 1175 .597398 
Populations 116U .560608 .OOOU82 
Cifference 11 .036790 .0033U5 6,9h 
At a P s .01 the tabular F is 2.26 with = 11 and Ng = 116U degrees of 
freedom. Since the calculated F's in these anal3rses nere highly significant, 
the regression coefficients of the pond populations of bluegills ifere 
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heterogeneous. 
Since the primary purpose of this phase of the investigation uas to 
provide equations for estimating maxiniim depth of body from total lenj^h 
of bluegills, the heteroneneity of populations regression coefficients "was 
disregarded and the measurement data frcm all populations were cccbined. 
Such a procedure iras necessary to pive ^eater ranf^ of total length for 
prediction equations and also to provide sufficient individuals so that 
reliable estimates of variations wauld be obtained. 
After combining the measureinent data of all blue gill populations, the 
data '.vere arranged in numerical order based upon total length. From these 
ccsabined data the mean maximirn depth of body for each 10 millinieter ard. 
each inch-group interval of total length -was determined (Table 17). 
The combined data estimating equation, with its standard deviation and 
correlation coefficient, determined froa actxial values of nieasurements was 
as foUoira: 
D - -6.07 • 0.3990 I, s = U.Ol, r = .9812 
The combined data estimating equation, and accompanying statistics, deter­
mined from logarithmic values of measurements was as follows: 
log D = -0.9572 + 1.2352 log L, s s .0028, r , .9969 
Since the ccmbined largenouth bass data had to be divided into 100 
millimeter total length intervals to Five reliable estimating equations, 
the combined bluegill data was also divided into similar intervals. The 
regression equations, with accompanying standard deviations and correla­
tion coefficients, as determined frcm actual values of measurements of 
bluegills were as follows: 
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Table 17. Mean jaaximtnn depths of body of blue frills 
for given total length intervals. 
Total length Mean maximm depth of body 
In. N In. Um. 
1 15 h 0.15 3.9 
25 58 0,28 7.1 
25 iia 0.29 7.1i 
35 87 0.36 9.1 
U5 79 0.1i9 12 .U 
2 51 195 0.55 lli.l 
55 76 0.62 15.7 
65 75 0.77 19.6 
75 73 0.93 23.6 
3 77 189 0,9U 23.7 
85 7h 1.10 28.1 
95 63 1.23 31.3 
U 102 llj.6 1.35 3U.U 
1Q5 55 l.liO 35.6 
115 69 1.57 liO.l 
125 69 1.73 Uli.o 
5 127 180 1.75 Uh.6 
135 70 1.81 h6,2 
lli5 66 2.05 52.2 
6 153 176 2.lli 5U.6 
155 66 2.18 55.5 
165 63 2.38 60.7 
175 U5 2.53 6U.6 
7 178 108 2.56 65.lt 
185 U3 2.70 68.9 
195 17 2.89 73.7 
8 203 50 3.06 78.1 
205 25 3.25 82.9 
215 9 3.31 81i.l4 
225 2 3.59 91.5 
9 229 3 3.U5 87.9 
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less 100 sna. D m -2,79 • O.3UI4I L, s = 2,61, r = »9h$S 
100-199 mm. D s -9.IU • 0,ii200 L, s s li.90, r = .9120 
200-299 mm. D = -U7.52 * 0.6092 I, s = 2.38, r = .8021 
Analysis of covariance "was used to test the homogeneity of the 100 milli-
meter total length interval groups regression coefficients betvTeen total 
length and maxiEum depth of body of bluegills. With actual values of 
measurements the foHossing analysis was obtained: 
D.F, S.S. M.S. F 
Total 118U 22,7li2.8 
Groups 1182 21,219.3 17.95 
Difference 2 1,523.5 761.80 li.2.Uliii 
At a P s .01 the tabular F is with K]_ = 2 and N2 s 1182 degrees of 
freedcE. These analyses indicate heterogeneous regression coefficients 
for the three total length fTroups of bluegills. 
The ability of each of these calculated regression equations to 
estimate the maximum depth of body of bluegills "was tested by use of the 
following equation: 
(d/ D X 100) - 100 percent difference. 
The mean maximum depth of body of bluegills used in this equation were 
taken from Table 17. The calculated differences, as percentages, are 
given in Table 18. In all three cases at the lower limits of total length 
range for equations the estimated values are in greater error, percentage 
wise, from the means than they are for the remainder of the range. From 
a practical point of view, there were small differences in the abilities 
of the three sets of equations to predict the maximum depth of body of 
bluegills. 
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Table 18. Differences, as percentages of means, betvfeen mean maximiim 
depths of body for bluegills and values estimated fran linear 
regressions. 
Total length Deviations of estimated depth of body as 
Inch- ISean percentages of means 
In. group 
mean 
L&n, N 
depth of 
bo^ 
SAQ. 
Actual value 
Total 100 mm. 
range range 
Logarithmic value 
Total 
range 
1 31.8 lUl 7.1i -10.6 10,8 6.7 
2 U9.1 195 lli.l -Ii.3 0.0 -3.5 
3 7ii,6 189 23.7 0.0 -3.U -U.2 
h 101.8 lli6 3lt.li o.li -2.3 -3.2 
5 126,6 180 liii.6 -0.9 -1.1 -2.2 
6 152.3 176 5U.6 -0,7 o.ii o.U 
7 176.2 108 65.lt -1.8 -0.8 0.5 
8 201.U 50 78.1 —U.9 -3.7 -0.9 
Redear sunfish 
The populations from which measurements of redear simfish cculd be 
obtained -were limited to three (Table 19). The reason for sach meager 
data on this species arose frcan the difficulty in separating the small 
ptire redears frcd the bluegill x redear hybrids "vihich "were present in 
many of the populations. Thus only those populations were used where 
positive identification "was possible. Dae to the snail numbers of this 
species present in most pond populationsj their importance in. the 
application of the results of this investigation is limited. 
61i 
Table 19. Eedear sunfish population data. 
Pcaid Pond 
area 
acres 
Stocking 
rate 
T5er acre 
Date 
stocked 
Date 
collected 
Total length 
Mn. Max. 
Ma. 2:^. 
Total 
N 
S-I2i 12.h 500 1-3-51 9-23-52 75 155 120 
S—li| 12 ,U 500 12-lh-U8 11-8-50 170 220 
Iffy 
lake • • • unknown . . . m « 8-5-50 50 210 23 
Va'ith this species aoae selectivity of the individuals used for cccrpu-
tations was exercised to five maximum variations as -well as aore equalized 
numbers of individuals over the range of total length available for 
analysis. The range in total length of redear sunfish -was from $0 to 220 
millimeters (Table 20). 
The regression coefficients for relationship of maxinum depth of body 
to total length of redear sunfish -were determined from actual and logarith­
mic values of measurement data for each population (Table 21). The 
homogeneit:, of the regression coefficients for populations of redesir 
Table 20. Frequencies by total length inch-groups of redear sunfish from 
each population. 
Pond In. 2 3 u 5  6  7  8  9  
m, 39- 6i4- 90- 11$- lliO- 166- 191- 217- N 
63 89 llJU 139 I6g 190 216 2li2 
S-lli 18 Ii5 1 6U 
S-llt 8 U6 61; 2 120 
lay 
Lake 3 3 13 1 2 1 23 
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Tai)le 21, Begression coefficients, standard deviations and correlation 
coefficients for relationship of naximum depth of body to total 
length of redear sunfish in each population. Determined from 
actual and lograrithmic values of neasurement data. 
Pond N Actual valTies 
b s R 
Logarithmic values 
b s R 
S-lIi la .3859 U.37 .8792 1.02ij8 .0185 .9621 
S-lli 73 .3691 1.97 .9757 1.052li .0225 .9918 
lay 23 .3683 1.96 .9879 1.0768 ,0782 .986U 
sunfish "was tested by analyses of covariance using both actual and logarith­
mic values of measurements, T/ith actual ^-alues of measurements the 
follosJing analysis was obtained: 
D.F. S.S. M.S. F 
Total 133 7lii.26 
Ptroulations 131 712.26 B.hh 
Difference 2 2.00 1.00 0.18 
With logari-timic vsCLues of measurements the folio-wing analysis tvas obtained: 
D.F. S.S, M.S. F 
Total 133 .061271 
Populations 131 .O60830 .000U6lj. 
Difference 2 .OOOlUil ,000220 O.U? 
In each of these analyses the mean scniares of deviation Trithin populations 
•were greater t^^.an the maan. squares of deviations between populations, thus 
one -would assame that the redear sunfish populations regression coefficients 
-were homogeneous. Apparently ishen the individuals irere selected from each 
popxilation for compu-tations, the data obtained maximxmiized the "within 
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populations variation and tended to minimize the between popiilaticGS 
variation. 
The measTirement data of all redear stinfish populations Tfrere combined 
and arranged in numerical order based upon total length. From these 
coaibined data the mean maximum depth of body for each 10 milliueter 
and each inch-sroup interval of total length xras determined (Table 22). 
The combined data estimating equation, Tiith its standard deviation 
and correlation coefficient, deteiroined froa actual values of measurements 
tjas as follows: 
D - -0.93 + 0.3371 L, s = 2.51, P = .987U 
The combined data estimating equation, -with accompanying statistics, 
determined froa logarithmic values of measurements was as follows: 
log D = -0.5557 * I.O3U1 log L, 3 = .0636, r = .9919 
Estimating equations for 100 millimeter intervals of total length 
for redear sunfish -were also determined. The linear regression equations 
•s?ith their accompanying standard deviations and correlation coefficients 
determined frcm actual values of measurements "srere as follows: 
Less 100 mm. D r 0.71 •* 0.310ii L, s = 1.27, r ^  .9623 
100-199 mm. B = 2.0U + 0.3173 L, s = 2.60, r = .96ii3 
200-299 mm. D -15.51 • 0.5523 s = 3.00, r - .6325 
Analysis of covariance -was tised to test the homogeneity of the 
regression coefficients of 100 millimeter total length interval groups of 
redear sunfish. Using actual values of measurements the following 
analysis iras obtained: 
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Table 22. Mean Eaxim-um depths of body of redear 
stuifish for given total length intervals. 
Total length Mean maxiiirum depth of body 
In. l&i. K In, Mn« 
U5 1 0.67 17.0 
2 51 3 0.69 17.7 
55 1 0.71 18.0 
65 3 0.71 18.0 
75 7 0.97 2li.8 
3 77 13 1.01 25.8 
85 5 1.15 29.3 
95 21 1.19 30.lt 
li 102 U5 1.31 33.2 
105 12 1.39 35.5 
115 20 1.51 38.5 
125 12 1.68 h2.9 
5 127 27 1.67 ii2.8 
135 8 1.8U 16,9 
1U5 3 1.88 liB.O 
6 153 6 1.87 ii7.5 
155 1 2.00 51.0 
165 1 2.08 53.0 
175 10 2.27 57.9 
7 178 18 2.30 58.1; 
185 7 2.35 60.0 
195 5 2.56 65.U 
8 203 25 2.70 68.7 
205 16 2.78 70.5 
215 U 2.85 72.8 
D.F. S.S. M.S. F 
Total 133 81i0.88 
Qroi^ 131 782.13 5.88 
Difference 2 22.75 11.38 1.9U 
a P - .01 the tabular F is U.78 -with = 2 and H2 = 131 degrees of 
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freedcsn. This analysis indicates that the regression coefficients between 
100 millimeter total length interval groups -were homoger-eous. 
The ability of each of the calculated prediction equations to esti­
mate the maximum depth of body of redears iras deteimined by the following 
equation: 
(^/ D X 100) - 100 = percent difference. 
The mean maximum depth of body used in the above equation was taken from 
Table 22, The differences, as percentages, are given in Table 23. The 
differences in values of estimated and mean maximion depths of body are 
about as great using one prediction ecpiation as another. For practical 
Table 23. Differences, as percentages of means, between average maximum 
depths of body for redear sunfish and values estimated from 
linear regressions. 
Total length Deviations of estimated depth of body as 
liicb- Ifean percentages of means 
In. groTip 
mean 
Ma. N 
depth of 
body 
m. 
Actual value 
Total 100 mm. 
range range 
Logarithmic value 
Total 
value 
2 56.7 3 17.7 2.8 3.U 2.3 
3 77.5 13 25.8 -2.3 -1.6 -2.7 
h 102.3 U5 33.2 1.2 3.9 0.6 
5 125.2 27 U2.8 -3.5 -2.3 -U.O 
6 110; .3 6 U7.5 o.U 0.6 0.2 
7 180.2 18 58.ii 2.1; l.U 3.8 
8 206.0 25 68.7 -0.3 —0.6 0.1 
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purposes, the single esti'^.ating equation determined from actual values of 
measurements gave satisfactory estimates of maximum depth of body. 
Green sunfish 
The green sunfish, from -which measiirement data were obtained, were 
collected from 6 different pond populations and ii different lake popu­
lations. The area of the ponds ranged frcm 0,25 to 12,7 acres Tvhereas 
the areas of the lakes were several thousands of acres (Table 2li). The 
size of the green suxifish included in these samples ranged from 16 to I8l 
millimeters in total length (Table 25). 
Table 2h* Green sunfish population data. 
Pond Pond 
area 
acres 
Date 
stocked 
Date 
collected 
Total length 
Min. Max. 
Ifin. Mn. 
Total 
N 
F-3 0.25 1-2-51* 6-9-52 38 107 2U 
F-12 0.25 1-2-51* 6-U-52 7h 181 9 
E-8 1.00 11-30-U8* 9-18-51 29 13li 19 
s-ib 12 .U 1-3-51* 9-23-52** 60 9h 111 
S-lli 12.k 1-3-51 11-16-52 66 155 h2 
S-lli 12 .U 1-3-51 11-17-52 35 155 161 
lake 
Martin unknown 7-26-51** 16 139 222 
Lake 
Martin unknown 7-27-51** Hi Sh 110 
lake 
Jordan unknown 7-2li-52** 26 101 70 
Lake 
liitchell unknown 8-10-50** 38 127 UU 
* Bluegill stocking date, supposedly no green sunfish stocked. 
** Samples taken by rotenone poisoning. 
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Table 25. Frequencies bj^ total length inch-rrroups of r^en stmfish frcm 
each population. 
Pond lii, 
Mn. 
1 
13-38 
2 
39-63 
3 
6U-89 
U 
90-llli 
5 
115-139 
6 
lUO-165 
7 
166-190 
Total 
N 
F-3 1 21 1 1 - - - 2h 
F-12 - - 3 3 1 1 1 9 
E-8 h 8 - 2 - - 19 
S-lli - 1 12 1 - - - lU 
S-lli - - 3 20 9 10 - U2 
S-lli 5 S3 h3 38 12 10 - 161 
Lake 
Martin 160 h3 16 6 2 — — 227 
lake 
Karbin 88 Hi 8 — — — — 110 
lake 
Jordan 30 23 16 1 - — — 70 
lake 
Kitchell 1 1$ 21 5 2 - - hh 
There was some selectivity of those individuals fran seme populations 
which would be included in the samples for computations. This -Tras done to 
obtain a more even distribution of the numbers of individuals over the 
entire range of total length and to obtain maxinium variations in the body 
ineasurements . 
The regression coefficients for the relationship of naximusi depth of 
body to total length of green sunf ish -were determined frcm actual and 
logarithmic values of measurement data for each population (Table 26). 
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Table 26. Regression coefficients, standard deviations and correlation 
coefficients for relationship of maximm depth of body to total 
length of ,preen sunfish in each population. Determined from 
actual and logarithmic values of measuronent data. 
Pond N Actiial values Logarithmic values 
b s r b 8 r 
F-3 Hi .U221 l.U .9899 1.2375 .0232 .9889 
F-12 9 .38OU 3.71 .9721 1.0801 .0380 .9716 
E-8 16 .3U2li 0.96 .9960 1.1121 .oUo .9980 
S-lit 12 .3U22 l.hh .9859 1.0688 .0192 .9592 
S-lit U2 .U08U 2.1$ -9762 1.2503 .0228 .9813 
S-lli 118 .3U95 2.97 .957ii i.oHa .06U3 .9121 
ilartin 37 .3238 1.38 .97lli 1.1778 .0260 .99li5 
iJartin 36 .3357 1,22 .99hO 1.10li9 .0572 .9975 
Jordan 35 .3166 1.13 .9853 1.1372 .0312 .987U 
Hitchell liii .3i;99 1.57 .9710 1.1303 .0303 .9680 
The hcsnogeneity of regression coefficients for relationship of total 
length and maxintm depth of body for each population of green sunfish was 
tested by analyses of covariance using actual and logarithmic values of 
measurements. With actual values of measurements the folloviing analysis 
was obtained: 
D.F. S.3. M.S. F 
Total 351 962.6ii 
Populations 3ia 816.69 2.39 
Difference .^0 U5.95 h»96 2.08 
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vVith logarithmic values of measurements the foUovdJig analysis was 
obtained: 
D.F S.S. M.S. F 
Total 351 .66ii5l2 
Popalations 3iil .621601 .001823 
.OOU29I 2.35 Difference 10 .OU29II 
At a P = .01 the tabular F is 2.39 with • 10 and K2 = 3Ul degrees of 
freedom. From these analyses it would be concluded that these populations 
regression coefficients were homogeneous. However the calculated F for 
the logarithmic v^ues is so near the tabular F that one suspects that 
these populations regression coefficients are approaching heterogeneity. 
The measurement data of all green sunfish populations were ccrabined 
and arranged in numerical order based upon total length. Fran these 
conbined data the average maximum depth of body for each 10 millimeter 
and each insh-aroup interval of total ler^h was determined (Table 27). 
The ccsnbined data estimating equation, with its standard deviation 
and correlation coefficient, deteimined frcsa actual values of measurements 
of green sunfish was as follows; 
The ccmbined data estimating equation, vrith accaspanying statistics, 
determined frcxa logarithmic values of measurements of green sunfish were 
as follows: 
log D s -0.7677 1.1351 log I, s = .01^52, r = .9803 
Estimating equations for 100 millimeter intervals of total length for 
green sunfish were also determined. The regression equations, respective 
D - -3.67 * O.362U 3 - 3.31, r = .9861i 
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Table 27. Mecm inaximm depths of body of green sun-
fish for given total length intervals. 
Total length Ifean maximum depth of body 
In. Mm. N In. IAQ. 
15 u 0.13 3.3 
25 19 0.29 7.3 
1 25 61 0.33 8.3 
35 h3 0.1i0 10.1 
U5 36 0.50 12.8 
2 51 109 0.60 15.1 
55 57 0.66 16.8 
65 57 0.77 19.7 
75 39 0.91 23.2 
3 77 106 0.89 22.5 
85 33 1.07 27,h 
95 22 1.20 30.5 
h 102 56 1.25 31.8 
105 19 1.38 35.2 
115 6 1.U7 37.6 
125 9 1.65 li2.2 
5 127 19 1.71 h3»S 
135 8 1.88 h7,9 
ikB 6 2.00 51.0 
6 153 11 2.0U 51.9 
155 3 2.07 52.8 
165 1 2.2U 57.0 
175 0 - -
7 178 1 2.59 66.0 
185 1 2.59 66.0 
standard deviations and correlation coefficients, determined from actual 
values of measurements of green sunfish Tiere as follows: 
Less 100 mm. D = -2.09 • 0.3337 L, s = l.ltl, r = .9785 
100-199 mm. D s -9.h2 + O.hlijS L, s = 2.6^, r s .9h7$ 
The homogeneity of regression coefficients for the 100 millimeter 
total length interval groups of green sunfish was tested by analysis of 
7U 
covariance. i^sing actual values of measurements the following analysis was 
obtained; 
D.F. S.S. M.S. F 
Total 360 1125.39 
Groups 359 1009.09 2.81 
Difference 1 116.30 116.30 Ul.39 
At a P - .01 the tabular F is 6.72 -vrith s 1 and N2 = 359 degrees of 
freedom. This analysis indicates that the regression coefficients for 
the tTfo 100 millimeter interval groups of green sunfish -were hetero­
geneous. 
The ability of each of these calculated equations to estimate the 
maximum depth of body of green sunfish -was tested using the following 
equation: 
( D/ D X 100) - 100 - percent difference. 
The mean maximum depth of body used in this equation iras taken frcsa Table 
27. The differences, as percentages, are given in Table 28. With this 
species the regression equations determined for 100 millimeter intervals 
of actual values of measurements gave better estimates of maxmum depth 
of body of green sonfish than did either of the other equations. However, 
for practical application the total range actual value equations "would 
give sufficiently accurate estimates. 
Golden shiners 
The measurement data on the golden shiners "were obtained from 6 
different pond poptilations (Table 29). Five of these populations were 
from ponds in -which this species was being grown as bait minncfws. The 
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Table 28. Differences, as percentages of means, between mean maximuEi depth 
of body for green sunfish and values estimated froa linear 
regressions. 
Total length 
Inch-
Deviations 
Mean S'S 
1 of esti 
percenta 
r.ated depths of body 
•ges of neans 
In. group 
mean 
N 
depth of Actual val'oe 
body Total 100 nci. 
Ifin. range range 
Logaritimic value 
Total 
range 
1 31.8 61 8.3 —U.8 2.U li.8 
2 52.5 109 15.1 2.0 2.0 1.3 
3 73.7 106 22.5 2.2 0.0 0.0 
U 99.3 56 31.8 1.6 -2.2 -0.6 
5 127.6 19 h3,6 -2.3 -0.2 -3.7 
6 lii9.0 11 51.9 -3.1 1.0 -3.7 
7 181.0 1 66.0 -6.2 —0.5 -5.5 
Table 29. Golden shiner minncfw popiilation data. 
Pond Pond 
area 
acres 
Stocking 
rate 
per acre 
Date 
stocked 
Date 
collected 
Total length 
Min. Max. 
l&i. Mn. 
Total 
K 
F-lli 0.25 1,200 2-23-52 12-5-52 k9 177 172 
F-10 0.25 2,U00 Ii-30-5l 2-1U-52 71 155 120 
F-22 0.25 2,U00 U-30-51 2-7-52 50 107 207 
F-23 0.25 li,800 U-30-51 2-7-52 5U lli5 173 
S-25 1.00 30,000 2-15-52 U-17-52 U8 8U 122 
S-6 25.5 Tiuknown 10-18-55 81 2l5 220 
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area of these ponds varied frcan 0.25 to 1.0 acre. The size range of the 
minnoHS in these sanples was from Ii8 to 177 millimeters in total length 
(Table 30). The sixth population of golden shiner "was frcsa a 2$,5 acre 
pond, in -which the golden shiners had established themselves along "vrith 
a bluegill-bass combination. The size distribution of these minnows iiras 
from 81 to 215 millimeters in total length. 
In ccmputing the linear relationship between maximum depth of body 
and total length of golden shiners, the sums of squares aiid cross products 
•were determined fron actual and from logarithmic values of measurements 
(Table 31). 
The homogeneity of regression coefficients for relationship of maxi-
miim depth of body to total length for each population of golden shiners 
Table 30. Frequencies by total length inch-grcups of golden shiner minnows 
from each pond popalation. 
Pond 3n. 
I5a. 
2 
39-63 
3 
614-89 
h 
90-llU 
5 
115-139 
6 
ilia-165 
7 
166-190 
8 
191-216 
Total 
ET 
F-lh 6 lli9 13 - 1 1 - 172 
F-10 
- 55 63 - 2 - - 120 
F-22 7 155 U5 - - - - 207 
F-23 9 155 7 1 1 - - 173 
S-25 73 h9 - - - - - 122 
S-6 — 2 21 119 25 9 220 
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Table 31* Eegression coefficients, standard deviations and correlation 
coefficients for relationship of inaxinitm depth of body to total 
length of golden shiners in each pond population. DeteiTained 
frcan actual and logarithmic values of measurement data. 
Pond N Actual values 
b s r 
Logaritlmic values 
b s r 
F-Ht 68 .2680 1.23 .9700 1.1737 .0328 .9509 
F-10 li7 .3098 1.17 .9706 1.3895 .0261 .9967 
F-22 78 .2207 1.12 .9327 1.07li3 .0333 .9225 
P-23 68 .27U3 0.71 .9860 1.3186 .0178 .98U8 
S-25 5U .2502 1.22 .8837 1.1891 .039ii .8832 
S—6 137 .27U6 1.65 .9772 1.2527 .0239 .9752 
ttas tested by analysis of covariance using actual and logarithmic values of 
measurements. With actTial values of measurement data the following analysis 
•nas obtained: 
D.F. S.S. M.S. F 
Total lis,92 
Populations UUO 725.73 1»65 
Difference 5 50,19 lO.OU 6.08 
ITith logaritlmic valxxes of measu37emerrfcs the follosring analysis "was obtained: 
^•F. S.S. M.S. F 
Ttyfcal hhS .379238 
Populations lUtO ,359lii^6 .000819 
Difference 5 .019792 .003958 It.83 
At a P - .01 the tabular F is 3 *05 "vri-th = 5 and ^2 s UitO degrees of 
freedom. Thus the regression coefficients for pond populations of golden 
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shiners v/ere heterogeneous. 
Since the purpose of this investigation -was to determine prediction 
equations for maxiinian depth of body to total length relationships, the 
heterogeneous nature of the regression coefficients iras disregarded and 
all measurement data of golden shiner populations were combined. These 
combined data -were then arranged in numerical order, starting -with the 
smallest and proceeding to the larges, based upon their total length. 
The individuals -were then divided into 10 millimeter and inch-group inter­
vals of total length, and the mean TnayiTtnirt depth of body for each interval 
•was determined (Table 32). 
The cosabined data estimating equation, vrith its standard deviation aai 
correlation coefficient, determined fraa actual values of measurements iras 
as follows: 
D - -U.O 0.2501 L, s s 1.50, r = .9863 
The ccaabined data estimating equation, and acccsapanying statistics, deter­
mined from logarithmic values of golden shiner measurements "was as follows: 
log D - -0,7696 • 1,0U06 log L, s s 0.0619, r r .9333 
Estimating equations for 100 millimeter total length interval groups 
of golden shiners were also determined. The regression equations mth their 
respective standard deviations and correlation coefficients as determined 
firom actual values of measurements trere as follows: 
less 100 mm. D r -0.69 0,207U L, s = 1.16, r = ,9121 
100-199 mm. D s -7.35 + 0.2726 L, s = 1.76, r = ,9700 
200-299 mm. D - -li2.5U 0.U539 I, 3 = 1.98, r = .9375 
Analysis of covariance test -was used to determine the homogeneity of 
regression coefficients for 100 millimeter total length interval groups 
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Table 32. Ivfean maximum depths of body of golden 
shiners for given total length intervals. 
Total length Ifesm maximum depth of body 
In. Sin. N In, lib. 
hS 6 0.38 9.8 
2 51 h7 O.I45 11.5 
55 29 0.U7 11.9 
(6 70 0,51 13.0 
75 7it 0.57 lii.6 
3 77 203 0.59 15.0 
85 79 0.66 16.8 
95 U7 0.75 19.1 
h 102 78 0.78 19.9 
105 17 0.83 21.2 
115 20 0.95 2ii.3 
125 23 l.Olt 26.6 
5 127 57 1.07 27.1 
135 22 1.20 30.6 
Ub5 16 1.29 33.0 
6 153 35 1.35 3U.U 
155 11 1.50 38.0 
165 12 1.51 38.1 
175 11 1.58 Uo.l 
7 178 2li 1.59 hO.2 
185 7 1.65 h2.1 
195 6 1.83 U6.7 
8 203 8 1.91 U8.U 
205 1 1.96 50.0 
215 • 1 1.96 50.0 
of golden shiners. Using the actual values of neasurements the follCTsjing 
analysis -was obtalnedi 
D.F. S.S. M.S. T 
Total hhS 985.99 
Groups bhS 8U7.58 1.90 
Difference 2 138.1a 69.21 36.U3 
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At a P - .01 the tabular F is U.66 -with 13^ r 2 and N2 - W16 degrees of 
freedom# This analysis indicates that these regression coefficients for 
100 millimeter total len:rbh interval groups of golden shiners are hetero­
geneous. 
The ability of each of these calculated equations to estimate the 
maximum depth of body of golden shiners "was tested by use of the following 
equation: 
(D / D X 100) - 100 - percent difference. 
The mean maxajaum depths of body used in this equation •were taken from 
Table 32. The differences, as percentages, are given in Table 33* The 
differences obtained isith each of the equations "were greater for the 
Table 33* Differences, as percentages of means, between mean maxiaum 
depth of body for golden shiners and values estimated from 
linear regressions. 
Total length Deviations of estimated depths of body 
Incb- Mean as •oercentases of means 
In. group 
mean 
2S&. H 
depth of 
body 
Ifis. 
Actual value 
Total 100 mm. 
range range 
logarithmic value 
Total 
range 
2 55.9 h7 11.5 -13.0 -5.2 -2.6 
3 76.3 203 15.0 0.7 0.7 2.6 
k 92.8 78 19.9 -3.5 -6.5 -i;.5 
5 126.8 57 27.1 2.2 0.i4 -3.U 
6 151.5 35 3ii»U -1.5 -1.5 -9.1 
7 176.7 2k liO.2 0.0 1.5 -7.7 
8 200.5 8 U8.U -U.S 0.2 -2.6 
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golden shiners than had been encovmtered in any of the previously discussed 
species. It wculd appear that the maxiisuja depth of body of golden shiners 
could be estiraated more accurately by the 100 millimeter total length 
inte3Tval groups equations than by either of the other types. 
Goldfish 
The goldfish, from -which measurement data -were obtained, -were collected 
frcsa 5 different consaercial minnow pond populations (Table 3h). The area 
of these ponds varied frcm O.05 to 0.63 acre. The si»e of the goldfish 
ranged fran 35 to 130 millimeters in total length (Table 35). 
These were all randomly selected samples of goldfish frcm each popu­
lation, and thus many different degrees of fan-tailed individuals •were 
present and were included in the measurement data, Scane selectivity iras 
exercised in those data chosen for ccaaputations. However, this selectivity 
Tras again directed in trying to have approximately equal numbers trithin 
each inch-group, and to obtain the maximum variation that -was present in 
the samples. 
Hie regression coefficients for the relationship of maximum depth of 
body to total length of goldfish -were determined from actual and lo~aritb-
mic values of measurement data for each pond population (Table 36). 
The homogeneity of regression coefficients for relationship between 
maxi-gium depth of body and total length for each pond population of 
goldfish -was tested by analyses of covariance using actual and logarithmic 
values of measureiBeiits. "Sfith actual values of measurements the following 
analysis was obtained: 
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Table 3h» Goldfish population data. 
Pond Pond 
area 
acres 
Date 
stocked 
Date 
collected 
Total length 
Min. 
Ua, T.%1-
Total 
N 
H-7 0.0^ 5-22-$2 9-3-52 68 115 nit 
B-li 0.08 5-1U-52 7-28-52 90 121 68 
1&-2 0.63 Ii-U-50 3-22-51 60 91 177 
H-1 O.Q^ 35 99 156 
B-U 0.08 5-iii-52 7-31-52 B9 122 35 
H-5 o.o5 hh no 139 
H-2 o.o5 5-7-52 3-31-53 55 130 152 
Table 35. Freqaencies by total length inch-groups of goldfish fraii each 
pond population. 
Pond In. 
Jfa. 13-38 39-63 6U-89 90-im n5-i39 
Total 
N 
B-7 - 37 69 6 2 nU 
B-l - 1 50 17 68 
M-2 
- 3 172 2 - 177 
H-1 1 137 17 1 - 156 
B-U -
-
1 32 2 35 
H-5 
- 29 96 13 1 139 
H-2 7 132 n 2 152 
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Table 36. Eegression coefficients, standard deviations and correlation 
coefficients for relationship of maximum depth of body to total 
length of goldfish in each pond population. Detennined from 
actTxal and loparithmic values of measurement data. 
Pond N Actual values 
b 8 r 
logarithmic valties 
b s r 
H-7 31 .3li7U 1.51i 1.2U77 .0336 .9257 
B-U 55 .2996 l.ii3 .8391 0.7186 .0306 .6550 
M-2 li5 .Ull9 1.U3 .9165 1.0128 .026b .869U 
H-1 3U .2830 1.9ii .86U8 0.93Ui .0760 .7U63 
B-U hh .2355 1.99 .7280 0.8597 .0565 .8677 
B-5 108 .3061 2.08 .899U 1.1697 .0U6O .9090 
H-2 36 .2853 1.65 .7739 1.0907 .03ii7 .7321 
ID.F. S«S« 
Total l,29li.69 
Popiilations 339 1,1C^.3U 3 #26 
Difference 6 189.35 31.56 9.86 
Ifith Ic^arithaiic values of measnremexrfcs the follomng analysis iras obtained: 
SvP** S«5* MaS* F 
Total 3U5 .59901U 
Populations 339 .57lii98 .001686 
Difference 6 .027516 .OOU5B6 2.72 
At a P s .01 the tabular F is 2.86 trith s 6 and Ng - 339 degrees of 
freedom. Thus -with actual values of measurements the regression coefficients 
irere heterogeneoizs between the pond populations of goldfish irhile -nith 
8li 
logarithmic values the regression coefficients -were honoj-eneous. 
The individual goldfish from all pond populations were combined and 
arranged in numerical order based upon their total length. The mean maxL-
mm. depth of body for each 10 millimeter and for esich inch-group interval 
of total length was deteimined (Table 37)* 
Table 37. Mean maximum depth of body of goldfish 
for given total length intervals. 
Total length Mean maximum depth of body 
In. Ifin. N In. Mil. 
1 25 1 0.31 8.0 
35 1 0.33 8.5 
15 19 0.U5 11.5 
2 51 71 0.50 12.7 
55 3h 0.52 13.3 
65 68 0.7U 18.8 
75 72 0.92 23.U 
3 77 158 0.98 25.0 
85 h2 1.02 26.0 
95 ho 1.07 27.3 
U 102 9h 1.11 28.3 
105 3h 1.17 29.9 
115 33 1.22 31.0 
125 10 1.36 3h.6 
5 127 29 1.28 32.6 
Fran these ccanbined data estimating equations of the relationship of 
maxim^um depth of body to total length "were determined using actual and 
logarithmic values of measurements. The combined data estimating equation, 
•with its standanrd deviation and correlation coefficient, determined frcsa 
actual values of measurements of goldfish iras as follows: 
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D = -0.56 • 0.2875 U 8 = 3.ii2, r = .8637 
The conibined data estimating eqaation, Tiith acccxnpanying estimators, deter­
mined frran logarithmic values of roldfish measurements was as foUoirs; 
log D « -0.7955 + 1.12U0 log L, s - .0692, r = .8752 
Sstim-ating equations for 100 Tnillimeter intervals of total length for 
goldfish were also determined. The regression equations with their 
accompanying standard deviations and correlation coefficients as deter­
mined. from actual values of measurements were as follows: 
Less 100 mm. d - -3.96 f 0,3372 L, s s 3#67, r = .7855 
100-199 mm. D s 10.1t2 • 0.1822 L, a s l.SO, r = .5815 
The homogeneity of the regression coefficients for the 100 millimeter 
total length interval groups was tested using analysis of covariance. With 
actual values of measurements the following analysis was obtained; 
S.S* M.S. F 
Total 350 3,965.66 
Qrotips 3h9 3,872.27 11.10 
Difference 1 93.39 93.39 8.1a 
At a P - ,01 the tabular F is 6.71 with % s 1 and N2 = 3li9 degrees of 
freedcm. From this analysis it is concluded that the regression coefficients 
for the 100 millimeter total length intervals for goldfish are heterogeneous. 
The ability of each of these calculated prediction eqaations to esti­
mate the maximum depth of body of goldfish was tested by use of the 
foUowing equation: 
( D/ D X 100) - 100 X percent difference. 
The mean maximum depth of body of goldfish used in this equation were taken 
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frcaa Table 37. The differences in estimated and mean maxiniuia depth of 
body of goldfish yiere more variable than for ai^ other species included 
in this study (Table 38). However, -when it is considered that no attempt 
•was made to obtain specimens ixith uniformly shaped tails, the variations 
in estimated and mean values are not excessive. Due to the scattered type 
of variation exhibited in Table 38, it is difficult to select the equation 
urioich -would produce the best estimates of maximum depth of body of gold­
fish. 
Table 38. Differences, as percentages of means, between mean maximum 
depths of body for goldfish and values estimated froaa linear 
regressions. 
Total length 
Inchr-
Mean 
depth of 
Deviations of estimated depth of body 
as percentages of means 
In. group 
mean 
l&i. 
N body 
lybi. 
Actual value 
Total 100 mm. 
range range 
Logarithmic value 
Total 
range 
1 35.0 1 8.0 18.7 -2.5 8.8 
2 SS.h 71 12.7 21.2 15.7 15.0 
3 158 25.0 -15.6 -lli.O -17.2 
h 101,0 9U 28.3 0.7 1.8 1.1 
5 119.1i 29 32.6 3.7 -1.8 6.1 
Sizes of Forage Fishes a Larganouth Bass Can Swallow 
The second objective of this investigation "was to determine the total 
length of selected forage fishes a largemouth bass of a given size iffould 
readily swallow. To acccmplish this it iras necessary to observe the 
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maimer in which a bass normally swallows a fish. The general procediire of 
swallcfwing or gulpinj* a fish follows. The bass takes the fish into its 
mouth head first. In those cases where a fish is taken aidewise or tail 
f±rst> the bass spits the fish out, at the same time flipping it so that 
it can be recaptiired head first. Once the fish is head first in the 
grasp of the nouth of the bass, its body is rotated 90 degrees frcsa its 
vertical axis and then svTallowed. This position of a forage fish in the 
mouth of a bass ready to be swallowed is illustrated in Figure 9. 
After observing the manner "whereby a baas actually feeds, it was 
postulated that scane structure located in the thoracic region of the body 
must limit the size of a fish that could be swallowed by an individual. 
After dissecting this region of the body in several bass it was determined 
that the cleithrum bones were the relatively non-flexible bony structures 
regulating the size of an object that might pass throu^ the esophagus of 
the bass. To illustrate this point, top and side views of these limiting 
bony structures in the largenouth bass are shown in X-ray photographs in 
Figures 10 and 11. It will be noted that a bluegiU, Tfhose maximum depth 
of body equals the mouth width of the bass, is being swallowed. It is 
also evident from these X-rays that the ho37izontal capacity of the 
esophagus is slightly greater than the vertical capacity. Thus with fish 
xrhose maximum depth of body approaches their maximum width of body the 
vertical capacity of the esophagus may be a critical measurement. In this 
study only those species of forage fishes are considered whose maximum 
depth of body is much greater than their maximum width of body. 
The assumption that a largemouth bass can swallow a f iah whose 
maximum depth of body is equal to the mouth width of the bass was checked 
38 
Figure 9. i^osition oT bluegill In mouth of baas during 
act of bass swallowing a bluegill or 
similarly shaped fish. 
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Figure 10. X-ray taken frcan ventral side showing blucgill, tihose 
maximum depth of body equaled the mouth width of bass, 
beinp swallowed. Note that at points A and B the 
cleithrum bones reflate size of fish a bass can 
swallow. 
Figure 11. X-ray taken from side shov/ing position of bluegill in 
esophagus of bass. iJote that the depth of the esophagus 
is not as r-reat as the width between the cleithrun bones 
shown in Figure 10. 
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in aquaria feeding tests in the laboratory. The bass stocked in the aquaria 
ranged in size from l55 to 290 millimeters in total length. Their nouth 
TTidth measTirements ranged from 15 to 33 millimeters. The increases in 
mouth "Width measurements of these bass during the month feeding test 
period in the laboratory are ?dven in Table 39. 
As stated previously, the bass vfere hand fed blue gills, golden 
shiners, or goldfish -whose total length and maximimi depth of body had 
been determined. The percentages of these forage fish offered to the bass 
that trere eaten or rejected, according to maximum depth of body less than, 
equal to, or greater than the mouth -width of the individual bass, are also 
given in Table 39. These bass -were di-vided into two groups, those -whose 
mouth -wid-th -was less than 25 millime-bers and those 25 millimeters and 
greater. The total nuniber of each of the three forage species -which were 
eaten or rejected by -the two groups of bass -were -tabulated by millime-ter 
groups according to differences in maximum depth of body and mouth -width 
(Table UO). The meager goldfish and golden shiner data, resulting from the 
desired sizes of indi-viduals of these species being una-vailable to feed the 
larger bass, render this data unusable in determining the maximum sizes of 
these species a bass can swalloir. The feeding of large numbers of smaller 
individuals of each species -was practiced of necessity since fishes of the 
exact depths needed to continually -bax -fche mouth -width capaci-fey of the bass 
-sjere unavailable. 
The data in Table liO show that a number of forage fishes -whose maxijinm 
depth of body iras equal -fee or greater than the mouth -width -were swallowed 
by each bass. A selection of nine bass included in this test -which either 
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Table 39. Percentages of forage fish offered as food to largemouth black 
bass in aquaria which were eaten or rejected, listed according 
to the relationship of the maximum depth of body of forage fish 
to the mouth width of bass. 
Aquaria Largemouth bass Percentage of forage fish whose 
no. mouth Tsridths D < M D = M D > M 
Apr.22 Sep, 6 Eaten Refused Eaten Refused Eaten Eefusei 
1 17 20 56.5 lt.3 17.U 0 18.5 3.3 
2 29 30 82.6 5.8 5.8 2.3 3.5 0 
3 2h 25 57.1 I5.1i 8.8 2.2 9.9 6.6 
h 22 2h 72.U 6.6 13.2 0 19.7 1.3 
5 32 32 85.U 7.3 3.7 0 1.2 2.U 
6 30 * 82.8 3.U 6.9 0 6.9 0 
7 33 33 82.7 6.2 2.5 1.2 3.7 3.7 
8 33 35 83.1 li.8 3.6 2.it ii.8 0 
9 28 28 70.U 12.3 h.9 1.2 Ii.9 6.2 
10 31 31 81.5 3.5 8.2 1.2 li.7 1.2 
11 27 * 65.9 h.9 12.2 2.U 7.3 7.3 
12 23 26 68.5 12.3 l.l 0 12.3 2.7 
13 20 2h 72.5 6.3 8.8 0 11.3 1.2 
Hi 21 23 7U.ii 3.7 6.1 1.2 9.8 li.9 
15 22 2h 76.3 6.3 8.8 2.5 3.8 2.5 
16 21 * 63.2 0 5.3 0 31.6 0 
17 22 25 80.8 2.5 3.8 1.3 10.3 1.3 
18 27 31 83.1 1.2 U.8 0 8.U 2.U 
19 30 3U 81.7 6.1 h,9 1.2 1.2 h.9 
20 28 32 78.2 8.0 8.0 1.1 2.3 1.1 
21 29 32 86.6 2,h 2.1i 0 li.9 3.7 
22 15 17 51.9 5.6 lii.l l.U 19.7 h.2 
23 17 21 70.1 U.5 9.0 0 lli.9 1.5 
2h 26 23 82.U 5.ii 2.7 l.U 2.7 5.ii 
25 23 25 70.8 5.6 6.9 l.U 15.3 0 
26 20 22 77.5 2.8 9.9 0 9.9 0 
27 16 18 it5.7 7.1 15.7 0 25.7 5.7 
28 19 20 66.2 2.8 11.3 0 19.7 0 
29 26 27 82.7 1.3 8.0 2.7 2.7 1.3 
* These bass died during iiie course of the experiment. 
Table liO. Numbers of bluegills, goldfish and polden shiners eaten or rejected by mouth width size 
groups of bass, and divided into millimeter ^oups based upon differences betvveen maximum 
depth of body of forage fishes and mouth width of baas. 
Largeraouth bass, raouth v/idth Bluegills Goldfish Golden shiners* 
less than 2$ millimeters. 
Depth of forage fish Eaten Rejected Eaten Rejected Eaten Rejected 
I4 or more ran. less than M.W. 36 3 233 19 60 2 
3 mm. less 12 h ii7 h 8 0 
2 mm. less 10 2 2 7 0 
1 mm. less 11 1 33 7 1 0 
Same as U.W. h9 6 h2 2 $ 0 
1 mm. greater 9h 1^ 22 6 1 0 
2 mm. greater 30 9 h 1 0 0 
3 ram. greater 8 3 2 1 0 0 
h jam, greater 3 0 2 0 0 0 
5 mm. greater 1 0 0 0 0 0 
Mouth width 2^ millimeters 
and greater 
li or more mm. less than M.Yf, 107 13 332 2h 68 1 
3 mm. less Hi 1 18 h 1 0 
2 mm. less U 20 1 1 0 
1 mm. less 16 U 29 2 0 0 
Same as M.W. 19 10 ih 0 0 0 
1 nm. greater 20 13 0 0 0 
2 ran. greater 1? 6 0 0 0 0 
3 mm. greater 12 6 0 0 0 0 
U mm. greater h 0 0 0 0 
5 mm. greater 0 3 0 0 0 0 
*Individuals of this species whose maximum depth of body was equal to or f^roater than the mouth 
v/ldth of those bass v;ere either limited in number or entirely unavailable at the time this oxperjjnent 
was in progress. 
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swallowed or rejected bluegills •whose saximton depth of body iras U milli­
meters or more greater than tie mouth -width of the bass are given in Table 
Ul. It is interesting to note that the bass T.ith the shortest total 
length swallowed a blue gill whose maxiiaum depth of body was 26.6 percent 
greater than its mouth width, and the next longer bass swallowed a blue-
sdll whose maximum depth of body was 29.9 percent greater than its mouth 
width, With increasing total length of the bass in this selected group, 
•the maxLmum depth of body of bluegills greater than the mouth •nidth which 
•were swallowed decreased gradually to 9«1 percent for the bass with the 
greatest total length. These data do not indicate the maximum size of a 
bluegiU a largemou^th bass can swallow since so fevr large indi-viduals 
•were offered the bass. 
The problem of determining the maximum sizes of bluegills and other 
forage fishes a largemouth bass of a given size can swallow is still 
unsolved. However, these •tests did show that a larganouth bass -vdll 
readily swallow a blue gill whose maximum depth of body equals the mouth 
•width of the bass. 
If it is assumed that a bass can swallow a forage fish •whose maximum 
depth of body is equal to the mouth •width of the bass, this relationship 
may be expressed symbolically as follows: 
'^ss = %orage 
or 
'^ass = orage 
In the pre-vious section the regressions of maximum depth of body on 
total length for the forage fishes isrere determined. This -was done to 
Table I4I. Selected largoniouth bass from aquaria feeding tests showinc the numbers of bluegills eaten 
(E) or rejected (R), divided into milliraetor groups based upon differences between maximum 
depth of body of bluegills and mouth width of bass, and including the maximum sizes of 
bluegills presented which v/ere eaten and rejected. 
lArgemouth bass Maximum sizes of bluegills 
Total Mouth Maximum depth of bluegills to mouth width of bass Eaten Rejected 
length 
Mni • 
width 
m. 
Same 
£ R E 
1 
R E 
2 
R E 
3 
R E 
U 
R E 
5 
R 
Total 
length 
lAn* 
Usx» 
depth 
I.hi. 
Total 
length 
fAn. 
Max. 
depth 
Ivtn. 
155 5 0 8 0 1 1 0 1 1 0 0 0 70 19 70 18 
179 17 3 1 8 1 U 1 0 1 1 0 1 0 73 22 70 20 
206 21 3 1 3 2 0 0 1 1 0 0 0 80 2^ 80 2h 
232 23 h 1 h U 0 0 0 1 1 0 0 0 88 27 91 26 
2U3 26 0 1 2 1 2 0 1 0 0 2 0 0 90 29 90 30 
2k3 27 1 0 1 0 3 0 5 2 1 0 0 0 97 31 93 30 
273 28 0 0 2 0 2 0 2 1 0 1 0 1 96 31 lOii 33 
278 30 1 2 0 0 0 0 0 0 2 0 0 2 101 109 35 
290 33 0 1 2 0 2 2 2 0 0 1 0 0 IOI4 36 117 37 
96 
permit the determination of vairiations in depths of body associated with 
given total lengrths. Such information-was essential since in the practical 
application of this study the only measureiaent of body dimensions that irill 
be necessary for a popiilation are those of total length. However, to esti­
mate the total length of a forage fish that a bass of a given size can 
swallow required the determination of the following linear equations: 
%orage - ^  * ^%orage 
or 
Iforage = log a • b logDforage 
To solve these regression eqtiations simply called for a reversal of the 
variables on the coordinates, thus the same suzns of sqiiares and cross 
products -were used in the actual coinputations. 
In this study three different sets of equations for estimating the 
total lengths of the five selected forage species that bass can swallm 
•were determined (Tables U2, U3j and Uh). Two sets of these equations 
were ccsnputed from actual values of measurements while the third set was 
ccsnpiited frcm logarithmic values of measurements. 
The follovsdng two equations: 
-t'Ibass 
and 
borage = a«' • b«D 
(where a* and b* denote estimators for bass and a" and b" denote esti­
mators for the forage fish) were then eqtiated as follows: 
Irorage = a" • (a' « 
Upon substituting the value for the total length of a bass and the 
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Table U2, Eegression eqxiations, computed frosa actual values of measure-
ments, for detenaining the total length of various forage fishes 
a largemouth bass of a given total length can swallor. Forage 
fish equations computed for full range of their total length. 
Largesouth bass: 
Mouth iridth to total length relationships. (Fran Table 6) 
Total length range Estimating equations s 
less 100 M - 1.88 •f 0.0775 L 0.68 
100-199 M - -0.98 O.IOU3 L 2.13 
200-299 M - -7.03 • 0,1358 L 3.21 
300-399 M -mm -2.8U • 0.1212 L U.39 
UOO-U99 M - -19.99 •* 0.1755 L 5.U7 
500-595 -50.77 •* o,2Uo5 L 6.U2 
Forage fish: 
Mayimim depth of body to total length relationships. 
Species Estimating equations s 
Bluegills L mm 19.10 + 2.3925 D 11.75 
Eedears L - 6.06 f 2.8917 D 7.38 
Green sunf ish L - 11.70 + 2.6859 D U.96 
Golden shiners L = 18.30 * 3.8876 D 7.19 
Goldfish L _ 22.09 * 2.5992 D 10.29 
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Table h3» Regression equations, computed froa actual values of measure­
ments, for detemining the total length of various foraj^ fishes 
a largemouth bass cf a given total length can swallow. Forage 
fish equations computed for ICX) millimeter intervals of total 
length. 
largemouth bass: 
Mouth TTidth to total length relationships same as given in 
Table UO. 
Forage fishi 
Maximum depth of body to total length relationships. 
Sp>ecie3 Interval Estimating equation s 
BLufi gills Less 100 L M 15.89 *• 2.U661 D 9.72 
100-199 L s U2.26 • 1.9821 D 10.67 
200 • L X llli.20 1.1919 D U.02 
Ee dears less 100 L - Ii.l2 •t 2.9838 D 3.98 
100-199 L = 3.Uii 2.93Wi D 7.98 
200 * L - nh.ko * 0,7290 D 3.60 
Green stinfish less 100 L m 8.5U * 2,8691 D Ii.l6 
100-199 L = 33.00 • 2.16U2 D 6.18 
Golden shiners Less 100 L r 15.63 * ii.0117 D 5.12 
100-199 L - 33.63 3.1i532 D 6.27 
200 4. L = 107.07 * 1.939li C 2.91 
Goldfish Less 100 L = 3U.98 * 1.8363 D 8.56 
100-199 L r 5U.02 •f 1.8532 D 5.78 
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Table iUi, fiegression equations, ccanputed from logarithmic values of 
meastireinents, for determininF: the total length of various forage 
fishes a largeraouth base- of a given total length can swallow. 
Forage fish equations COTiputed for full ranpe of their total 
length. 
Lari^enouth bass: 
Mouth KJidth to total length relationships. (From Table 7) 
Total length range Estimating equations s 
Ifa. 
Less 100 log M « -0.5222 0,7518 log L ,0h$3 
100-199 log M ~ -0.8623 * 0.9303 log L .0758 
200-299 log M = -1.6031 * 1.2633 log L .0523 
300-399 log M = -0.83ii7 * 0.9553 log L .0U23 
U00-U99 log M - -2.0U35 * 1.U362 log L .ali5l 
500-595 log M - -3.0377 * 1.8057 log L .029U 
Forage fisht 
depth of body to total length relationships. 
Species Estimating equations s 
Bluegills log L = .7821 • O.80I16 log D .0063 
Eedears log L = .5722 • 0.9U51 log D .0073 
Green sunfish log L = .7179 * 0.81t70 log D .012U 
Golden shiners log L - .8981 0.8367 log D .0176 
Goldfish log L s .986U • 0.6815 log D .0170 
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appropriate estimators for a', b', a", ar.d b" the total length of a given 
species of forage fish the bass can swallow may be estimated. 
The estimated total length of each forage species computed frcm 
equations given in Tables h2, h3f and Uii, for each 0.0 inch total length 
interval (from 2 through 23 inches) of bass are given in Tables h6, 
hlf US, and ii9. Graphic relationships between the total length of bass 
and estimated total length of bluegills, determined from equations in 
Tables h2 and hh are shown in Figures 12 and 13. 
Since the aquaria feeding tests showed that bass can sviallow forage 
fishes uhose maximum depth of body -was greater than their mouth Trridth 
(Tables UO and Ul), a comparison of the estimated -with the actual total 
lengths of bluegills and goldfish fed these bass -was made (Tables 00 and 
5l). Usii^ the final measurements of the bass included in the aquaria 
feeding tests, the estimated total length of the bluegills and goldfish 
they could swallow were determined from equations ba.sed upon total length 
and from equations based upon mouth "width of the bass (Table 14.2), Also 
included in these tables are the maximum total lengths of the fishes 
swallowed by each bass during the last month of the test. This period 
•was selected since duidng this tine each bass swallowed practically every 
fish that -was offered. 
The data given in Tables 50 and 5l indicate that the estimated total 
length of the five forage species that bass can swallow (Tables 
hit hB) and li9) are probably conservative. However, it must be remembered 
that these are estimated total lengths of forage fishes and in their 
computation two error terms had to be combined, one for mouth -width 
Table Estimated total length of bluegills which can be swallovred by larfiemouth 
bass of a given total length. Estimated total lengths were determined by 
equations p;lven in Tables I42, US* and 
Largemouth bags 
Total length of bluegills which may be swallowed by bass as 
estiinated by vailous equations 
Total length M.W, Actual values Ijogaritlimic values 
Total range 100 millirneter range Total range 
In. Jto. Mn. In. In. fitn. In. !An. 
2.0 51 5.8 1.30 33 l.lU 29 0.98 25 
6.8 1,38 35 1,22 31 1.10 28 
3.0 77 7.8 1.50 38 1.3l> 3h 1,26 32 
6.8 1.57 ho l.ij2 36 1,38 35 
ll.O 102 9.7 1.65 li2 i.5h 39 i.5It 39 
.5 11.0 1.77 U5 1.65 h2 1,67 U3 
5.0 127 12.3 1.93 h9 1.81 h6 1,81 U6 
13.6 2.05 52 1.93 h9 1.93 h9 
6,0 152 1I4.9 2,17 55 2.05 52 2.08 53 
16.2 2.28 58 2.20 56 2.20 56 
7.0 178 17.6 2.U0 61 2.32 59 2.32 59 
18.9 2.52 eh 2.li8 63 2.Wi 62 
8.0 203 20.5 2,68 68 2.6li 67 2,72 69 
22.3 2.83 72 2.80 71 2,91 7h 
9.0 229 2U.I 3.03 77 2.99 76 3.07 78 
25.8 3.19 81 3.19 81 3.2li 82 
10.0 25n 27.5 3.35 85 3.35 85 3.I1O 86 
29.2 3.50 89 3.50 89 3.60 91 
11.0 279 30.9 3.66 93 3.70 9h 3.7h 95 
.5 32.6 3.82 97 3.86 98 3.9U 100 
12,0 
13.0 
.5 
30i; 
330 
3)).l 
35.7 
37.2 
38.7 
3.97 
U.I3 
Ju2^ 
h.lil 
101 
105 
100 
112 
}i.33 
h*h$ 
it.57 
){.60 
110 
113 
116 
119 
ii.l3 
U.25 
'u37 
1(.:^2 
105 
3.08 
111 
11 
I-' 
o 

7.0 
.5 
8.0 
9.0 
.5 
10.0 
.5 
11.0 
.5 
12,0 
13.0 
.5 
llj.O 
.5 
15.0 
.5 
16.0 
.5 
17.0 
.5 
18.0 
.5 
19.0 
.5 
20.0 
.5 
21.0 
.5 
22.0 
.5 
23.0 
.5 
178 
203 
229 
25U 
279 
305 
330 
356 
381 
lio6 
U32 
1|57 
h83 
508 
533 
559 
58U 
17.6 
18.9 
2.U0 
2.52 
61 
6U 
20.5 
22.3 
2.68 
2.83 
68 
72 
21;.1 
25.8 
3.03 
3.19 
77 
81 
27.5 
29.2 
3.35 
3.50 
85 
89 
30.9 
32.6 
3.66 
3.82 
93 
97 
3I1.I 
35.7 
3.97 
U.I3 
101 
io5 
37.2 
38.7 
h.25 
h.hl 
108 
112 
U0.3 
hi. 9 
h.53 
h.69 
1x5 
119 
U3.3 
hh.9 
h.8h 
h.96 
123 
126 
51.3 
53.5 
5.59 
5.79 
3Ji2 
lh7 
55.8 
58.1 
6.02 
6.22 
153 
158 
60.2 
62.5 
6.h2 
6.65 
163 
169 
6h.8 
67.1 
6.85 
7.09 
17U 
180 
71.h 
7U.5 
7.h8 
7.76 
190 
197 
77.U 
80.5 
8.03 
8.35 
20h 
212 
83.7 8.66 220 
86.8 
89.7 
92.8 
2.6li 
2.80 
67 
71 
2.72 
2,91 
69 
7U 
2.99 
3.19 
76 
81 
3.07 
3.2h 
78 
82 
3.35 
3.50 
85 
89 
3.hO 
3.60 
86 
91 
3.70 
3.86 
9h 
98 
3.7h 
3.9U 
95 
100 
h.33 110 
113 
h,13 
U.25 
105 
108 
h.57 
h.68 
116 
119 
h.37 
h.52 
l].l 
115 
a.80 
h.92 
122 
125 
h.6)i 
h.80 
118 
122 
5.03 
5.16 
128 
131 
h.88 
5.0h 
12h 
128 
5.67 
5.83 
lUh 
m 
5.59 
5.83 
1)42 
1U8 
6.02 
6.16 
153 
157 
6,02 
6,22 
153 
158 
6.37 
6.5U 
162 
166 
6,h2 
6,65 
163 
169 
6.73 
6.88 
171 
175 
6,85 
7.09 
173 
180 
7.2lt 
7.h8 
18U 
190 
7,36 
7.6h 
187 
19U 
7.72 
8.27 
196 
210 
7.91 
8,19 
201 
208 
8.h2 
8.58 
2lh 
218 
8,h6 215 

Table 1»6. Estiinated total length of redear sunfish yihich can be swallowed by largemouth 
bass of a pi von total length# Estimated total lengths trsre detenniiied by 
equations {^iven in Tables U3> and hlu 
Total length of redear ounfish which may be swallowed by bass 
Largemouth bass aa estimated by various equations 
Total length 
In. J.in. 
M.W. Actual values 
Total range 100 millimeter range 
In. Mn. In. 
logarithmic values 
Total range 
In. tin. 
2.0 
.5 
51 5.8 
6.8 . 
0.91 
1.02 
23 
26 
0.87 
0.98 
22 
25 
0.79 
0.91 
20 
23 
3.0 77 7.0 
8.8 
l.lll 
1.26 
29 
32 
1.06 
1.18 
27 
30 
1.02 
i.m 
26 
29 
u.o 
.5 
102 9.7 
11.0 
I.3I1 
1.50 
3li 
38 
1.30 
l./.j6 
33 
37 
1.30 
1.146 
33 
37 
5.0 
.5 
127 12.3 
13.6 
1.65 
1.77 
l|2 
li5 
1.61 
1.77 
Ul 
16 
1.61 
1.73 
)4l 
)4)^  
6,0 
.5 
152 lh*9 
16.2 
1.93 
2.07 
h9 
53 
1.93 
2.07 
h9 
53 
1.85 
2.01 
h7 
51 
7.0 
.5 
176 17.6 
18.9 
2.2!i 
2.U0 
57 
61 
2.2)1 
2J1O 
57 
61 
2.13 
2.28 
5)i 
58 
8.0 
.5 
203 20.5 
22.3 
2.56 
2.76 
65 
70 
2.56 
2.80 
65 
71 
2.56 
2.76 
65 
70 
9.0 
.5 
229 2)i.l 
25.0 
2.99 
3.19 
76 
61 
2.99 
3.19 
76 
81 
2.95 
3.15 
75 
80 
10.0 
.5 
?Si 27.5 
29,2 
3.39 
3.58 
86 
91 
3.39 
3.58 
86 
91 
3.35 
3.5l( 
85 
90 
u.o 
.5 
279 30.9 
32.6 
3.7li 
3.9U 
95 
100 
3.70 
3.97 
96 
101 
3.7)1 
3.9I4 
95 
100 
12.0 
.5 
305 3I1.I 
35.7 
I1.33 
b.29 
105 
109 
Iu09 
)u25 
10)1 
108 
)j.l7 
14.33 
106 
110 

0.0 203 20.5 
22.3 
2.56 
2.76 
65 
70 
9.0 
.5 
229 2U.1 
25.8 
2.99 
3.19 
76 
81 
10.0 
.5 
2$h 27.5 
29.2 
3.39 
3.58 
86 
91 
n.o 279 30.9 
32.6 
3.7U 
3.9U 
95 
100 
12.0 
.5 
305 3lul 
35.7 
li.l3 
IN 29 
io5 
109 
13.0 
.5 
330 37.2 
3P.7 
1U)48 lilt 
118 
lij.o 
.5 
356 )40.3 
ill.9 
)u8h 
5.00 
123 
127 
15.0 
.5 
381 1(3.3 
liu.9 
5.16 
5.35 
131 
136 
16.0 
.5 
l406 51.3 
53.5 
6.06 
6»3h 
l5ii 
l6l 
17.0 
.5 
U32 55.8 
58.1 
6.57 
6.85 
167 
17li 
18.0 
.5 
U57 60.2 
62.5 
7.09 
7.36 
180 
187 
19.0 
.5 
U83 6U,8 
67.1 
7.60 
7.87 
193 
200 
20.0 
.5 
5o8 71.U 
7)1.5 
8.35 
8.70 
212 
221 
21.0 
.5 
533 77.U 
80.5 
22.0 559 83.7 
86.8 
23.0 
.5 
58)i 89.7 
92.8 
2.56 
2.80 
65 
71 
2.56 
2.76 
65 
70 
2.99 
3.19 
76 
81 
2.95 
3.15 
75 
80 
3.39 
3.58 
86 
91 
3.35 
3.5li 
85 
90 
3.78 
3.97 
96 
101 
3.7U 
3.9U 
95 
100 
Iu09 
h.25 
10).i 
ion 
h.l7 
14.33 
106 
110 
l».h5 )!.61 
113 
117 
)i.h9 
)i.65 
III4 
nR 
h.80 
h.96 
122 
126 
li.80 
h.96 
122 
126 
5.12 
5.31 
130 
135 
5.11 
5.27 
130 
13I4 
6.06 
6.30 
15U 
]60 
5.98 
6.26 
152 
159 
6.57 
6.85 
167 
17U 
6.50 
6.77 
165 
172 
7.09 
7.36 
180 
187 
7.00 
7.32 
178 
186 
7.6U 
7.87 
19U 
200 
7.56 
7.87 
192 
200 
8.89 226 8.19 
8.58 
«.9li 
208 
218 
227 

Table ^7. Estimated total length of fprcen smifiah widch can be swallowed by larfTS-
mouth baas of a given total length. Estimated total lonrths were detemined 
by equations given in Tables I|2, lO, and }4li. 
Largemouth baas 
Total length 
In. I/Jji. 
M.?/. 
Total length of green sunfish which may be swallowed by bass 
as estimated by various equations 
I«garithmic values 
neter range Total range 
Mn. In. Mn, 
Actual values 
Total range 100 mi: 
Kto. In. lan. In. 
5.8 1.06 27 0.98 
6.8 1.18 30 1.10 
7.8 1.30 33 1.22 
8.8 1.38 35 1.3it 
9.7 1.50 38 1.U2 
n.o 1.61 la 1.57 
12.3 1.77 1^ 5 1.73 
13.6 1.89 m 1.89 
l)i.9 2.05 52 2.00 
16.2 2.17 55 2.17 
17.6 2.32 59 2.32 
18.9 2. 62 2.h8 
20.5 2.61| 67 2.6I4 
22.3 2.03 72 2.87 
2lul 2.99 76 3.07 
25.0 3.19 81 3.27 
27.5 3.39 86 3.'i3 
29.2 3.5h 90 3.62 
30.9 3.7Ji 95 3.82 
32.6 3.90 99 h.Ol 
3ii.l h.o6 103 )i.21 
2.0 
3.0 
U.o 
.5 
b'.o 
.5 
6.0 
.5 
7.0 
8.0 
9.0 
.5 
10.0 
11.0 
12.0 
$1 
77 
102 
127 
1^2 
178 
203 
229 
279 
305 
25 
26 
31 
3h 
36 
1|0 
hh 
liO 
51 
55 
59 
63 
67 
73 
78 
83 
87 
92 
97 
102 
0.91 
1.06 
1.10 
1.30 
1.U6 
1.61 
1.73 
1.89 
2.00 
2.17 
2.28 
2.lt8 
2.68 
2.87 
3.03 
3.23 
3.39 
3.58 
3.82 
3.9U 
23 
27 
30 
33 
37 
ijl 
iOi 
)i8 
51 
55 
50 
63 
60 
73 
77 
82 
86 
91 
97 
100 
ii.l3 105 

18,9 2.Wl 62 
O.o 203 20,5 
22.3 
2.6li 
2.83 
67 
72 
9.0 229 2U.1 
25.8 
2.99 
3.19 
76 
81 
10.0 251i 27.5 
29.2 
3.39 
3.5h 
86 
90 
11.0 279 30.9 
32,6 
3.7h 
3.90 
95 
99 
12,0 305 3h.l 
35.7 
ii.06 
h.25 
103 
108 
13.0 330 37.2 
30,7 
h.hl 
)4.57 
112 
116 
m.o 356 li0.3 
Ul.9 
h.72 
h.88 
120 
12li 
1^.0 303. )i3.3 
Wi.9 
5.0l( 
5.20 
128 
132 
16.0 
.5 
Ii06 51.3 
53.5 
5.86 
6.10 
llt9 
155 
17.0 h32 55.8 
58.1 
6.38 
6.61 
162 
168 
18.0 h^7 60,2 
62,5 
6,81 
7.09 
173 
180 
19.0 
.5 
ii83 6U.8 
67.1 
7.32 186 
20.0 5oo 71.U 
7U.5 
21,0 533 77.U 
80.5 
22,0 559 83.7 
86.8 
23.0 
.5 
5Bh 89.7 
92.8 
2.U8 63 2.h8 63 
2.6U 
2.87 
67 
73 
2.68 
2.87 
68 
73 
3.07 
3.27 
78 
83 
3.03 
3.23 
77 
82 
3.^3 
3,62 
87 
92 
3.39 
3.58 
86 
91 
3.82 
h.Ol 
97 
102 
3.82 
3.9h 
97 
100 
n.2i 
lu33 
107 
110 
h.l3 
h.29 
105 
109 
h.liS 
)i.6l 
llh 
117 
h.hl 
h.57 
112 
116 
)i.72 
)u88 
120 
12h 
h.72 
h.8h 
120 
123 
5.00 
5.12 
127 
130 
h.96 
5.12 
126 
130 
5.67 
5.86 
lh)i 
lli9 
5.71 
5.98 
1I45 
152 
6,06 
6,26 
l5tt 
159 
6.lh 
6.h2 
156 
163 
6,h2 
6,61 
163 
168 
6.61 
6.85 
168 
17h 
6.81 
7.00 
173 
178 
7.05 
7.28 
179 
185 
7.ho 188 

Table US. , Estimated total length of golden shiners which can be swallowed by l^Re-
mouth bass of a given total length. Estimated total lengths vrere detemined 
by equations given in Tables h2, li3» UU. 
LarRemouth bass 
Total length of golden shiners wliich may be swalloiired by 
bass as estimated by various equations 
Total lenf<th 
In. 
M.W. 
Mn. 
Actual values Jogan.tnmic values 
Total range 100 millimeter range Total range 
In, Mn. In. lAn. In. 
2.0 51 5.8 
6.8 
1.61 
1.77 
hi 
ll5 
1.5U 
1.69 
39 
U3 
1.3li 
l.5ii 
3li 
39 
77 7.8 
8.8 
1.93 
2.09 
b9 
53 
1.85 
2.01 
li7 
51 
1.73 
1.93 
W4 
h9 
h.o 102 9.7 
11.0 
2.20 
2.1 (0 
56 
61 
2.17 
2.36 
55 
60 
2.17 
2.36 
55 
60 
5.0 127 12.3 
13.6 
2.60 
2.80 
66 
71 
2,56 
2.76 
65 
70 
2.56 
2.76 
65 
70 
6.0 152 lh.9 
16.2 
2.99 
3.19 
76 
81 
2.95 
3.19 
75 
81 
2.95 
3.15 
75 
80 
7.0 178 17.6 
18.9 
3.it3 
3.62 
87 
92 
3.39 
3.58 
86 
91 
3.35 
3.5li 
85 
90 
8.0 
.5 
203 20.5 
22.3 
3.86 
h.l2 
98 
105 
3.86 
h.37 
98 
111 
3.90 
Iul7 
99 
106 
9.0 
.5 
229 2U.1 
25.8 
)ulil 
U .6)4 
112 
118 
h.6l 
I4.8U 
117 
123 
)4.U5 
IU69 
113 
119 
10.0 251.1 27.5 
29.2 
)u92 
5.16 
125 
131 
5.07 
5.28 
129 
13I4 
a.92 
5.12 
125 
133 
11.0 279 30.9 
32.6 
5.h3 
5.71 
138 
116 
5.51 
5.75 
DiO 
1 )|6 5.147 5.75 
139 
II16 
12.0 305 3»i.l 5.9I4 151 5.9I4 l5l 6.06 i51i 
H 

-nr- IfU 
18,9 3.62 92 
8.0 203 20.5 
22.3 
3.86 
h.l2 
98 
105 
9.0 
.5 
229 2li.l 
25.8 
)4.lll 
h .6)1 
112 
118 
10.0 
.5 
25)4 27.5 
29.2 
)i.92 
5.16 
125 
131 
11.0 
.5 
279 30.9 
32.6 
5.)J3 
5.71 
138 
l)i5 
12.0 305 3)1.1 
35.7 
5.9)i 
6.18 
I5l 
157 
13.0 
.5 
330 37.2 
38.7 
6.37 
6.61 
162 
160 
ih.o 356 li0.3 
111. 9 
6.85 
7.13 
nh 
181 
15.0 
.5 
381 )43.3 
l\h,9 
7.32 
7.55 
186 
192 
16.0 
.5 
1(06 51.3 
53.5 
8.5)t 217 
17.0 
.5 
h32 55.8 
58.1 
18.0 
.5 
h$7 60.2 
62.5 
19.0 
.5 
U83 6U.8 
67.1 
20.0 
.5 
508 nM 
7)u5 
21.0 
.5 
533 77.14 
80.5 
22.0 
.5 
559 83.7 
06.8 
23.0 
.5 
58li 89.7 
92.8 
3.58 91 3.5ij 90 
3.86 
li.37 
98 
111 
3.90 
)i.l7 
99 
106 
)i.6l 
)4.8U 
11.7 
123 
k.k$ 
It. 69 
113 
119 
5.07 
5.28 
129 
13h 
h.92 
5.12 
125 
133 
5.51 
5.75 
iho 
lh6 
5.)47 
5.75 
139 
l)i6 
5.9)4 
6.19 
151 
157 
6.06 
6.26 
15)4 
159 
6.37 
6.5? 
162 
167 
6.)42 
6.65 
163 
169 
6.81 
7.00 
173 
178 
6.81 
7.00 
173 
178 
7.20 
7.iai 
183 
189 
7.20 
7.)iO 
183 
188 
6.15 
8.26 
207 
210 
8.26 
8.62 
210 
2].9 
8.i{6 215 

Table i|9. Estimated total length of goldfish which can be swa].laTfed by larganouth bass 
of a given total length. Estimated total lengths were detemiined by equa­
tions given in Tables h2, h3t and 14;. 
Total length of goldfish which may be swallowod by baas as 
I/xrgemouth bass estimated by various equations 
Total length M.W. Actual values logarithmic values 
In. Mn. Ito. Total range 100 millimeter range Total range 
In. Ifin. In. mm* In. Mn. 
2.0 51 5.8 I.h6 37 1.81 k6 1.26 32 
6.8 1.58 liO 1.85 hi l,li2 36 
3.0 77 7.8 1.65 i|2 1.93 h9 i,$h 39 
8.8 1.77 U5 2.01 51 1.69 U3 
h,o 102 9.7 1.85 hi 2.07 53 1.85 hi 
11.0 2,00 51 2.17 55 2.01 51 
?.0 127 12.3 2.13 5It 2.28 58 2.13 5I4 
13.6 2.2II 57 2.36 60 2.2U 57 
6.0 1^2 Hi, 9 2,ho 61 2.1ili 62 2. ho 61 
16.2 2.52 6h 2.56 65 2.52 6h 
7.0 176 17.6 2.68 68 2.63 67 2,6h 61 
.5 18.9 2.80 71 2.76 70 2.76 10 
8.0 203 20.5 2.95 75 2.87 73 2.99 76 
.5 22.3 3.15 80 2.99 76 3.19 81 
9.0 229 21 ul 3.35 85 3.11 19 3.31 8U 
25.8 3.50 89 3.23 82 3M 88 
10.0 25h 27.5 3.70 9h 3.35 85 3.62 92 
29.2 3.86 98 3.50 89 3.82 91 
11.0 279 30.9 h,01 102 3.62 92 3,9h 100 
32.6 h.21 107 3.7ii 95 h.09 ].Oli 
12.0 305; 3h,l Iu37 111 3.86 98 14.25 108 
35.7 lt.53 115 I4.72 120 )t.37 111 

8.0 203 20.5 
22.3 
2.95 
3.15 
75 
80 
9.0 
.5 
229 2l|.l 
25.8 
3.35 
3.50 
85 
89 
10»0 
.5 
25t| 27.5 
29.2 
3.70 
3.86 
9h 
98 
11.0 279 30.9 
32.6 
U.Ol 
U.21 
102 
107 
12.0 
.5 
305 3U.1 
3'J.7 
I1.37 
)i.53 
111 
115 
13.0 
.5 
330 37.2 
38.7 
1.69 
h.8k 
119 
123 
m.o 
.5 
3^6 Uo.3 
Ul,9 
5.00 
5.16 
127 
131 
15.0 
.5 
381 U3.3 
Uli.9 
16.0 
.5 
U06 51.3 
53.^ 
17.0 
.5 
1+32 55.8 
58.1 
18.0 i+57 60.2 
62.5 
19.0 
.5 
U83 6U.8 
67.1 
20,0 
.5 
508 71.U 
7h.5 
21.0 
.5 
533 77.U 
80.5 
22.0 
.5 
559 83.7 
86.8 
23.0 58U 89.7 
92.8 
2.87 73 2.99 76 
2.99 76 3.19 81 
3.11 79 3.31 Bh 
3.23 82 3.1+6 88 
3.35 85 3.62 92 
3.^0 89 3.82 97 
3.62 92 3.9lt 100 
3*714 95 I1.09 loU 
3.86 98 I+.25 108 
I1.72 120 I1.37 111 
I1.8I1 121 l.J.Q 
h.96 126 l».6l 117 
5.07 129 lu72 120 
5.19 132 l».8li 123 
1I.96 126 
5.12 130 

TOTAL LENGTH 
INCHES . i. . Ji . , 4 
OF BLUEGILLS 
I J 
INCHES i 
TOTAL LENGTH OF LARGEMOUTH BASS 
Fif^ure 12, Estimated total lenpths of blueRllls that larcemouth baas of f^iven tot?-l 
lenf^ths can swallow as detemiined from equations fiven in Table Ij2. 
O) TOTAL INCHES LENGTH 2 BLUEGILLS 4 8 6 7 
INCHES 10 12 14 16 20 24 
c:> 
TOTAL LENGTH OF LARGEMOUTH BASS 
Figure 13• Estimated total lengths of bluepills that larremouth bass of piven total 
lonpths can swallow as detemined from equations given in Table Uli. 
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Table 50. Comparisons of estimated total lengths of bluegills with actual 
total lengths of bliie;^lls largemouth bass in aquaria test 
swallcmed (August 6 to September 6, 195U). 
largemouth basa Blue gills 
Total Mouth iridth Mayinrnrn Estimated * Estimated *» 
length Actual Estimated total total length total length 
!to. Mn. Iftn# length •vjhich can be •which can be 
stralloned swallowed swallowed 
Ifo. 2&a. ISn. 
160 17.0 15.7 65 60 56 
181 17.0 17.9 62 60 62 
190 19.0 18.8 68 6U 6k 
190 20.0 18.8 67 67 6h 
200 20.0 20.1 73 67 67 
200 22.0 20.1 75 72 67 
210 23.0 21.5 72 7U 70 
212 23.0 21.8 76 7h 71 
215 2li.O 22.2 8U 76 72 
223 2ii.O 23.3 78 76 75 
225 25.0 23.5 76 79 75 
227 22.0 23.8 68 72 76 
229 25.0 2li.l 73 79 77 
2h2 25.0 25.8 76 79 81 
2h3 29.0 26.0 86 88 81 
2hS 26.0 26.2 90 81 82 
260 30.0 28.3 100 91 87 
26U 28.0 28.8 90 86 88 
267 32.0 29.2 85 96 89 
268 31.0 29.U 95 93 89 
270 32.0 29.6 90 96 90 
275 32.0 30.3 92 96 92 
280 33.0 31.0 95 98 93 
282 33.0 31.3 101 98 9h 
290 35.0 32 .U lOU 103 97 
A 
Estimated total length determined from actual values of mouth Tfidth 
and using equations for bluegills given in Table h2* 
** Estimated total length of bluegills deteimined from total length of 
bass using equations given in Table U2. 
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Table 5l. Ccenpariscais of estimated total lengths of goldfish 7ri.th actual 
total lengths of goldfish largenouth bass in aquaria test 
swallowed. 
largemouth bass Cjoldfish 
Total Maximum Estimated* Estimated ** 
length Actual Estimated total total length total lenrth 
Ito. length •nrhich can be •which can be 
swallowed swallowed swanowed 
lAn. Mu. IM. 
160 17.0 15.7 70 66 63 
181 17.0 17.9 85 66 69 
190 19.0 18.8 80 72 71 
190 20.0 18.8 75 7U 71 
200 20,0 20.1 82 7U 7h 
200 22.0 20.1 82 79 7h 
210 23.0 21.5 87 82 78 
212 23.0 21.8 95 82 79 
215 2li.O 22.2 90 8U 80 
223 2li.O 23.3 96 8U 83 
?25 25.0 23.5 86 87 83 
227 22.0 23.8 82 79 81 
229 25.0 2i;.l 95 87 85 
2li2 25.0 25.8 100 87 89 
2h3 29.0 26.0 100 97 90 
215 26.0 26.2 95 90 90 
260 30.0 28.3 no 100 96 
264^ 28.0 28.8 100 95 97 
267 32.0 29.2 106 105 98 
268 31.0 29.h 106 103 98 
270 32.0 29.6 105 105 99 
275 32.0 30.3 100 105 101 
280 33.0 31.0 no 108 103 
282 33.0 31.3 107 108 103 
290 35.0 32.U no n3 106 
* Estimated total length deterained from actual values of mouth width 
and using equations for goldfish given in Table li2« 
**• Estimated total length of goldfish detennined from total length of 
bass using equations given in Table U2. 
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determined from total length of bass, and one for total lenp^bh determined 
frcm the itaxumm depth of body of the forage fishes. Thus, for individual 
forage fishes Trhich -were fed these bass, differences in actual and esti­
mated total lengths are to be expected. 
Certa±nly, for the present, the equations for estimating sizes of 
selected forage fishes largemouth bass of a given size can swallow offer 
the most reliable infonnation on this subject that is available. 
One factor Tsrhich can affect the estimated total length of forage 
fish a largemouth bass can swallow was evident in the data in Tables SO 
and 5l» Some of the bass in the feeding tests had at one time or another 
scane erosion of the caudal fin, thus their total length was less than for 
a norma!) bass. This led to differences in estimated total lengths of 
forage fishes as determined from total length eqtiiations and from mouth 
width, equation for the bass. Such a condition might also occur in natural 
populations eind thus give erroneous estimates. However, with careful 
observations afflicted individuals could be detected. 
Application of Relationships of Mouth Width of 
Bass to Maximum Depth of Body of Forage 
Fish in Fisheries JSanagemenfc 
The third phase of this study is concerned with demonstrating the 
application of the information derived in the two preceding sections to 
problems in fisheries management. According to the -work of Swingle and 
Smith (19U0) the largemouth bass is a necessary component of a pond popu­
lation. The role of the bass, aside from its desirability for fishing, 
is to thin the small fish in a population, thus permitting those escaping 
Ill 
to grow to an edible size. It has a3.so been shcvm by these Trorkers that 
the bluegill is the only species of forage fish -which can reproduce in 
sufficient numbers to supply adequate food for the bass and yet perpetuate 
thenselves in sruch abundance as to provide a desirable harvestable crop 
year after year. 
The relationships between numbers and sizes of largemouth baas and 
forage fishes in pond populations -were discussed at length by Swingle 
(1950). He gave numerical ratios, such as "E" values, "F/C", and 
"T/C, by "sriiich it could be determined if these pOTids -were supporting 
balanced populations of fish. Balanced populations are those in vrhich the 
fish were capable of perpetuating themselves and producing a yearly crop 
of harvestable fish. It is to one of these ratios, namely the "T/C", that 
the relationships of mouth TTidth of bass to maximum depth of body of 
forage fishes, as determined by this study, are directly applicable. 
In Swingle's paper the "Y" group included those forage fishes small 
enoufh to be eaten by the average size largemouth bass. The values he 
used Tfere arbitrary ones and varied from population to population, since 
no method for establishing the exact sise of forage fishes the bass could 
swallop "Jrere available. The relationships determined by the present study 
provide estimates for detei^ning Trhich croups of forage fishes shoxild be 
included in the "T" groups based upon the sizes of largemouth bass present 
in the population. Thus a more accurate "Y/C ratio for a pond popu­
lation, "Where bass are the principal or only "C" species, can now be 
determined. 
The estimating equations for relationships between mouth tyidth of 
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"bass and maximimi depth of body of forage fishes can also be used to deter­
mine the poxindage of "Y" species available as food for a given inch-group 
of largemouth bass. Several other techniques for detennininp- similar 
breakdowns of the fish popalation in a pond or lake are readily evident. 
Two of these separations, believed to be most applicable, vrill be given 
in this discussion. 
The first breakdovm is ccanrDuted in the same nanner for each, inch-
fprouTD of bass as tfas employed by STri.ngle for his pond population "Y/C" 
ratio. This gives a series of cumulative "y/c" ratios for the large-
mouth bass inch-groups. The method em.ployed to obtain these cmmilative 
"y/c" ratios is illustrated using the population of fish recovered upon 
draining a l.ii acre pond. The draining records (Table $2) gave the 
foUcjwing population values; E - Ul,l; F/C - 11«3; T/C = 5*7; = ^O.U; 
z 37«2. These values indicated, according to Swingle's analyses, that 
this pond yras overcrowded Trith small forage fish. 
The relationships between mouth Tri-dth of bass and maximum depth of 
body of bluegills, as given in Table li5, were then applied to these 
population data to determine the cumulative poundages of bluegills avail­
able to each inch group of bass. As an example, for the 6 inch-group of 
bass the minimum total length of bluegills is 52 laillimeters (2,05 inches) 
and the aaxinm is 58 millimeters (2,28 inches). Assuming a unifoim 
distribution by weight of the bluegills in the 2 inch-group, this repre­
sents 23 percent of the total -weight of that inch-group (2,28 - 2,05 = 
,23) as the available food supply for bass in the 6 inch group. These 
6 inch—Froup bass then had 3«08 pounds of bluegills (13«U0 x ,23 = 3.OS) 
as their food supply. However, these bass could also swa3.1cir all 
113 
Table 52. The mrnbers and -weights of various species of fish recovered 
upon draining of a l.i; acre pond on October 23, 1952. 
Inch ELue gills Bass Green sunfish Round fliers 
group No. Povmds No. Pounds No. Pounds Ko. Pounds 
1 l6Ul 1.15 
2 2795 13 .UO 
3 6239 113.5U 19U 3.21 
U 39U0 1U9.00 268 6,U3 
5 557 liii.53 36 l.Ul 8 0.88 9 1.2U 
6 215 27.13 20 1.51 h 0.65 
7 287 57.05 U 0.51 ko 12.01 
8 11 3.31 3 0.53 210 87.81 
9 11 5.25 
10 
11 1 0.78 
12 
13 3 3.56 
lit 15 18.68 
15 8 12.09 
Total U07.ll 552 U8.71 0.88 106.96 
Total pond production - 563.66 pounds 
Pounds per acre U02,6l 
"E" - Ul.l = UO.U 
"P/C - 11.3 Af = 37,2 
"T/C s 5.7 
llli 
bluegills smaller than 2,0^ inches total length, thus there were 55 per­
cent additional 2 inch-group bluegills (13.UO x .55 - 7.37) and all of the 
1 inch-sroup (l.l5 pounds) bluegills available. Thus their accumulated 
supply of bluegills -was l,l5 • 7.37 3.08 - 11.60 pounds. There Tsrere also 
soBie 3 inch group (3.21 povmds), saae li inch-group (6,U3 pouuds) and some 
5 inch-group (l.Ul pounds) largemouth bass present in this population and 
they -were drawing upon these smaller bluegills (less than 2.05 inches 
total length) for their food. Thus in computing the cuniulative "y/c" 
ratio for the 6 inch-group of bass the accumulated weight of blue pills 
available as food Tras divided by the accianulated weight of bass, that 
is "y" s 11.60 pounds, and "c" s 12.56 pounds, then "y/c" = 11.60/12.56 = 
0.92. The detailed brealcdown of the ijei^ts of bluegills to obtain these 
cumulated "y/c" ratios for each inch-group of bass are given in Table 53. 
A second, or proportional, method used numbers of bass and -weights 
of bluegills to determine the "y/c" ratios for each inch-group of bass. 
Using this method the vv-eight of bluegills available as food for a given 
inch-group of bass -was detennined from the value given in Table U5. This 
•weight of bluegills nas then proportionally distributed o-ver the entire 
size groups of bass, i^hich could swallow these bluegills, baised -upon the 
numbers of bass present in each inch-group. As an example, for the 3 
inch-group of bass the percentage of numbers of bass in all inch-groups 
was determined as shoroi in Table 5U. The -STeight of bluegills, -which -was 
2.09 pouaris (l.l5 pounds of 1 inch-group plus 13.UO x .07 = 0*9h pounds 
of 2 inch-group), was then proportioned according -bo these percen-bages of 
numbers over the -ten inch-groups of bass present in the population. 
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Table 53» Accumula-bed ireights of bluegills available as food for each 
inch-group of bass for fish population from l.U acre pond. 
Bass 
inch 
group 
Bass 
cum. 
pounds 
Weights of bluegills by inch-groups 
1 2 3 U 5 
lb, lbs. lbs. lbs. lbs. 
Total 
nytt 
pounds 
3 3.21 1.15 0.9U 2.09 
U 9.6ii 1.15 3.62 U.77 
5 11.Q5 1.15 7.37 8.52 
6 12.56 l.lS 10.1^5 11.60 
7 13.07 1.15 13.Uo 2.27 16.82 
8 13.60 1.15 13.10 37.U7 52.02 
11 lU.38 1.15 I3.1t0 113.51t ii7.68 175.77 
13 17.9U 1.15 13. Uo 113.5U 135.59 263.68 
Hi 36,62 1.15 I3.1i0 113.5U lii9.00 8.1i6 285.55 
15 I18.7I 1.15 13.1iO 113.5U 1U9.OO 20.US 297.57 
Then for the U inch-group of bass the percentages of numbers present in the 
nine remaining inch-groups had to be computed. These perce3ifcages are also 
shoTOi in Table Shm The -weight of bluegills, not previously obligated to 
the 3 inch-group bass, available to the U inch-gro-op of bass -was 2,68 
pounds (13.UO X ,20 5 2,68). This ureight of bluegills -was then proportioned 
over the nine remaining inch-groups of bass based upon the percentage of 
numbers as shoKxi in Table 5U, The same procedvire as given above for the 
U inch-group of bass iJas followed for the 5 and 6 inch-groups. However, 
for the 7 inch-group of bass the -weight of bluegills included the remainder 
of the 2 inch-group not already obliga-bed by the 6 inch-group of bass 
Table 5U. PorcentaRe distribution, by inoh-pToups, of baas which can s\'/allov; bluerlll'j of \'ariou3 
sizes*, for fish population from IJ4 aore pond. 
Largemouth bass Total lengths in Inches of bluegills 
Inch- Under 1.^8- 1.78- 2.0^- 2.29- 2.53- 2.8U- 3.83- Jt.U2- h*70-
group No. 1.^7 1«77 2.0^ 2.28 2.$2 2.83 3»82 U.lg U.69 h.96 
Psrcentages of baas in each inch-group which can swallow bluegills in bach size 
3 I9h 35. 
h 268 li8.55 7lt.86 
36 6.52 10.05 ho.oo 
6 20 3.62 5.59 22.22 37.03 
7 h 0,72 1.11 hJlli 7.hi 11.76 
8 3 O.5I1 0.8I1 3.33 5.^6 8.82 10,00 
11 1 0.18 0.28 1.11 1.85 2.9U 3.33 3.70 
13 3 o.51» 0.8ii 3.33 5.56 8.82 10.00 11.11 ll.5h 
lU 15 2.72 h.i9 16.67 27.78 yul2 50.00 55.56 57.69 65.21 
15 8 iM 2.23 8.88 lit. 81 23.52 26.67 29.63 30.77 3h.79 lOO.Oi 
Number of bass 
preying on this 
size group 552 358 90 5I4 3U 30 27 26 23 8 
* Size group of bluogills selected on tho basis of the lengths which can be swallw/ed by bass in 
c onse cutive inch-ffToups. 
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(1.00 - ,78 = .22) plus the portion of 3 inch-group bluegills they could 
swallosr (.02 - ,00 = .02). The total Tsreight of these bluegills amounted 
to 2.95 pounds of 2 inch-group (13.UO x ,22 = 2.95) plus 2.27 pounds of 
3 inch-sroup bluegills (113.5ii x .02 s 2,27) to r'ive a total of 5.22 pounds 
available as food for the 7 inch-rroup bass. This weight of bluegills -was 
then proportioned over the six remaining inch-groups of bass accordinjr to 
the percent of mmbers present in each p:oup. The proportional breakdown 
of these bluegill "freights for each inch-group of bass are "iven in Table 
55. 
To obtain the proportional "y/c" ratio for each inch-group of bass, 
the total -weight of bluegills proportioned to each of the individual inch-
sroups of bass had to be determined. This total ireight of bluegills, "y", 
•was then divided by the -weight of bass, "c", for that given inch-group. 
The cumulative and proportional "y/c" ratios for this l.li acre pond 
•were as follows: 
inch-groups Cumulative "y/c" Proportional "y/c' 
3 0.65 0.229 
U 0.1t9 O.U70 
5 0.77 1.351 
6 0.92 1.U57 
7 1.29 2.067 
8 3.83 8.132 
11 12.22 7.717 
13 111 .70 7.922 
lit 7.80 8.313 
15 6.11 7.8U5 
Table WeiRhts of bluegills available as food for each inch-p^'oup of bags proportionally divided 
on the basis of numbers of bagg present in each inch-proup, for fish population from l,h 
acre pond. 
Largemouth baas Total length in inches of bluegills 
Inch- weight Under l.$7- 1.78- 2.05- 2.29- 2.53- 2.8lt- 3.83- 1|.)»2- 14.70- Sum 
group pounds 1.57 1.77 2.05 2.28 2.^2 2.83 3.82 )4.Ul Iu69 U.96 "Y« 
Weight in pounds of bluegills by size groups 
3 3.21 .73U .73U 
U 6.U3 l.Olli 2.006 3.020 
i.Ul .136 .269 1.500 1.905 
6 1.51 .076 .150 .833 i.iia 2.200 
7 0.51 .015 .030 .167 .228 .61I4 1.05U 
8 0.53 .011 .023 .125 .171 .U60 3.520 Iu310 
11 0.78 .OOU .008 .0U2 .060 .i5U 1.172 i|.579 6.019 
13 3.56 .011 .023 .125 .171 .U60 3.520 I3.7U8 io.ili5 28.203 
lU 18.68 .057 .112 .625 .856 2.30I1 17.600 68.755 50.715 lli.262 155.286 
15 12.09 .031 .060 .333 .U56 1.228 9.388 36.668 27.O5O 7.608 12.020 9l4.8b2 
Total 2.09 2.68 3.75 3.08 5.22 35.20 123.75 87.91 21.87 12.02 297.57 
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An examination f these inch-group "y/c" ratios indicates that the 3> U, 
S, and 6 iiach-groups of bass had a deficient food supply -with no possi­
bility of any replacement before the following spring, a period of approxi­
mately 6 months. The cocipetition for this food diiring this 6 month period 
would have been so great that all four of these smaller inch-croups of bass 
would have suffered. 
An examination of the "y/c" ratios for the larger inch-groups of bass 
indicates an abundance of food. In fact it is doubtful that the bass could 
have reduced the numbers of 3 and U inch-groups of bluegills sufficiently 
to alU-OBT those iremaining to grow to a catchable size by the following 
sumaer. Had such a condition developed in this pond, it would have been 
severely overcrowded with bluegills. Consequently the bluegills would 
have spawned little or none In the spring, and as a result the small bass 
woiild have had to compete with the bluegills for bottom organisms to exist. 
Thus are illustrated from the data of this l.Ii acre pond sane of the 
inferences which may be drawn regarding a fish population using the relation­
ships between mouth width of bass and maximum depth of body of forage 
fishes, 7fhen sufficient detailed draining records are available on ponds 
some very interesting and important characteristics of fish populations 
may be determined. No doubt as these breakdowns of the populations are 
analyzed, further applications of the relationships between mouth 7ri.dth 
of bass and maximum depth of body of forage fishes will be found. 
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sumAm 
The purpose of this research -was to determine the size of various 
forage fishes a largemouth bass, Micropterus salaoides Lac., of a given 
size can swallow and to derive prediction equations for estimating these 
size relationships. The relationship between mouth width and total 
length of largemouth bass was determined from 1377 individuals ranging 
in size frcE 31 to $95 millimeters total length. The mouth Yddth measiire-
ments were made externally bet-ween the posterior margins of the preopercula 
"With the opercular flaps in the dosed position. There was no single 
linear equation determined from either actual or logarithmic values of 
measurements which trould give satisfactory estimates of mouth widths over 
the entire ran:^ of total lengths. Eather, linear equations which covered 
only 100 millimeter intervals of total length had to be used to give 
satisfactory estimates of mouth widths. Equally accurate estimates of 
mouth widths, determined for 100 millimeter intervals of total lengths, 
•were obtained fraa either actual or logarithmic values of measurements. 
The total length ranges of forage fishes for which the relationships 
between maximum depth of body and total length were determined included 
the following; blue gill, lepomls macrochirus Raf., lU-235 millimeters; 
redear sunfish, Lepomis microlophus Oanther, 75-220 millimeters; green 
sunfish, lepoaais cyacellus Eaf,, lU-181 millimeters; golden shiner, 
Kotemigonas crysoleucas (Mitchill), U8-215 millimeters; and goldfish, 
Carassius auratus (lin.), 35-130 millimeters. Single lir^ear regression 
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equations, covering the full range of total lengths, were calculated for 
each of these species of forage fish. Equal accuracy of prediction tras 
obtained using either actual or logarithmic values of measurements. 
Dissection suggested that the "width between the cleithrum bones 
limits the size of fish a bass can swallow. This iJidth betureen the 
cleithrum bones -was found to be the same as the mouth width measurement 
previously described. It -was postulated that a larfemouth bass of a 
given total length could swallow a forage fish vrhose maximum depth of body 
•was equal to the mouth -width of the bass. However feeding experiments 
indicated that bass would eat forage fish -with maximum depths somerrhat 
greater than the mouth width. 
The estimated total lengths of the various forage fishes that large-
mouth bass of given total lengths can swallow fiere computed and tabulated. 
The equations used for estimating the mouth Tridths of largemouth bass were 
as follows: 
total length 
less than 100 sm. M = 1.88 0.0775 L 3 
-
0.68 
100 - 199 mm. M -0.98 0.10U3 L S 2.13 
200 - 299 nm. M X -7.03 0.1358 L S z 3.21 
300 - 399 inm. M -2.8U 0.1212 L s zz U.39 
ilOO - h99 nm. M -19.99 •f 0.1755 L 3 S.hl 
500 - 595 urn. M — -50.77 * 0.2li05 L S — 6.U2 
The equations for estimating the total lengths of forage fishes from 
majdimm depth of body irere as follows: 
bluegills 1 - 19.10 • 2.3925D s = 11.75 
redear sunfish l = 6.06 + 2,8917D s m 7.38 
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green sunfish L = 11.70 2,6859 D 3 s li.96 
golden shiner L r 18.30 3.8876 D s = 7.19 
goldfish L - 22.09 • 2.5992 D s = 10.29 
The practical application of the relationships between mouth tridths 
of bass and maximum depths of body of forage fishes was demonstrated using 
the fish population data obtained upon draining a l.U acre pond. It iras 
shown that a more acctirate T/C ratio for a pond population, irhere the bass 
is the principal or only piscivorous species present, "was possible since 
the actual size of forage fish available as food for the bass coiild be 
determined. It -was also shown that cumulative and proportional y/c ratios 
for each inch-group of bass could be calcxilated. It was suggested that 
such calculated y/c ratios might aid considerably in determining the 
relationships irithin a fish population, particularly as concerns the 
"balance" -within the population. It was also proposed that further appli­
cations of this relationship Tvill be found Tsrhen sufficiently detailed data, 
obtained frcm numerous populations of fish, are available for study. 
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